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Abstract

This thesis assesses the effectiveness and cost-effectiveness of the 'Green prescription'

physical activity intervention amongst less-active adults in primary care, using the

Auckland Heart Study (AHS) questionnaire to assess change in activity.

The validity of two physical-activity questionnaires, the AHS and the GSS

questionnaires, was assessed initially, comparing their performance with 7-day activity
diaries and pedometers amongst less-active adults in primary care. A cluster

randomised controlled trial was then conducted in the waikato region of New 7*aland,
with42 general practices randomised to give the Green Prescription or'usual care'. A
systematic screening process identified less-active 40-79 year-old patients. Main
outcome measures included change in physical activity, quality of life (SF-36),

coronary risk, and blood pressure, over a twelve-month period. Costs of the prograrnme

and offset costs of primary and secondary health care utilisation, productivity, and

exercising, were collected prospectively for cost-effectiveness analysis from a societal

perspective.

The AHS questionnaire was found to have adequate reliability and validity, and to be

the most appropriate measurement tool for use in primary care research. In the Green

Prescription trial, 74Vo of general practitioners (n=lt7) and 66Vo of screened eligible
patients (n=878) participated. Follow-up rate, at one year, was 85Zo (n=750). Mean total

energy expenditure increased by 9.4 kcal/kflweek (p=0.001) and leisure exercise by 23
kcal/kg/week (p=Q.Q2) or 34 minutes/week more in the intervention group than the

control group (p=0.04). The proportion of the intervention group undertaki ng 2Vz

hours/week of leisure exercise increased by 9.7ZVo (p=0.003) more than in the control
group (NNT=10.3)' SF-36 measures of 'general health', 'role-physical', 'vitality', and

'bodily pain' improved significantly more in the intervention group (p<0.05), as a result

of the Green Prescription intervention. There was a trend towards decreasing blood

Pressure' no increase in adverse events, and no statistically significant difference in
four-year risk of coronary heart disease. The cost of delivering the Green prescription

was $170.45 per participant from a funder's perspective and $32.16 (95vocl:-

$945.21,$1019.53) from a societal perspective. To increase leisure-time exercise by one

tr



houn per lveekcosl $-25.3-6 per month frsrn a prograi ine fundsr's perspective and $5,4?
(959oc}-$138"90'$14984) p,er monrh imm a societal perspective.

Ttre Atls quesdomaite- was considpred roliab-le and vatid. Tlie Fresgiptiqn

interveution ls effeptive in inorcasiog phyuicaX activity and irnproving quality sf lifo
auar 12 rronths w.ithout evidenee of adver,se effcct$. The intervention. is moro sosr-

efEctive thar-r otrher plly-eical activiqy irttervgntirons rcported in the titeranrm,and riuy oe-

cost-saving in ter"ms of long"t61g h€alth gains.
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I Introduction

1.1 Rationale for the Thesis

This thesis reports the results of a comprehensive evaluation of the Green Prescription

physical activity intervention in New Zealandgeneral practice.

There is now substantial epidemiological evidence to implicate a sedentary lifestyle as

a risk factor for obesity, diabetes, cardiovascular disease, osteoporosis and various

other disease states (Paffenbarger, Hyde et al. 1986; Blair, Kohl et al. 1995; fue,
Hsieh et al. 1995). This research has led to major position statements, such as the U.S,

Surgeon General's report on "Physical Activity and Health", which reviewed the

evidence for health gains from regular physical activity (Centers for Disease Control

and Prevention 1996). This report concluded that people of all ages benefit from

regular physical activity and that significant benefits can be obtained from 30 minutes

of moderate-intensity physical activity on most days of the week (Centers for Disease

Control and Prevention 1996). The report noted that physical activity reduces the risk

of premature mortality in general, and of coronary heart disease, hypertension, colon

cancer and diabetes mellitus, in particular, as well as improving mental heatth.

Physical activity has also been associated with improved quality of life and hence

improved health outcomes particularly amongst the elderly (Spirduso and Cronin

2001). Preventative health strategies have developed accordingly (Thompson,

McAfee et al. 1995).

The Ministry of Health in New Znaland has identified eight population-attributed risk

factors, which have a significant impact on mortality and health expenditure in New

Tnaland (Ministry of Health 1999). These factors include smoking, alcohol

consumption, inadequate fruit and vegetable intake, physical inactivity, diabetes (type

2), obesity, high blood pressure and total cholesterol.

Within this political context and because of the evidence, physical activity

interventions have been developed within primary health care to improve health

outcomes. Primary health ciue seems an ideal context in which to offer a physical



activity intervention. Primary health care services have personal contact with a large

proportion of the population, since at least 80Vo of the population visit the general

practitioner annually (Ministry of Health 1998). General practice is also a recognised

source of health advice. Many preventative services based in general practice have

been shown to be more acceptable to the public, and more effective at recruiting

participation, than community-based initiatives (Clover, Redman et al. 1996; Giorgi,

Giordano et al. 2000). However, evidence of the effectiveness of these interventions,

both in terms of increases in physical activity and health, is sparse, particularly long-

term effectiveness. Consequently, the research on which this thesis is based aimed to

determine whether an intervention developed for primary health care can be effective

in increasing physical activity levels and improving health in the long-term.

In New 7*aland, at least 32Vo of adults do not achieve the recommended 2 /z hours of
moderate physical activity per week, which is estimated as the minimum required for

health-benefit (Sport and Recreation New Zealand 2003). Several national initiatives

promoting physical activity have been undertaken in New 7*aland, including the
n'Green Prescription", promoted by the Hillary Commission. Recommended levels of
physical activity are outlined on this prescription, which is given to patients by the

general practitioner. In conjunction with other promotions the Green Prescription

aims to achieve greater numbers of physically active New Zealanders. As such, it is
designed to reduce morbidity, premature mortality, and health costs for individuals

and the New Zealand government. It is assumed that increasing the physical activity

of New Zealanders would reduce morbidity and mortality, particularly that associated

with cardiovascular disease (Russell, Worsley et al. 1987). Another expected outcome

of the Green Prescription initiative is that the increased physical activity will result in

an improvement in the quality of life of many New Zealanders. Therefore, the

effectiveness of a physical activity intervention in primary health care needs to assess

hedth outcomes such as cardiovascular risk and quality of life as well as physical

activity. This thesis reports such outcomes.

The intervention was designed using a behavioural change approach based on the

transtheoretical model, which is discussed more fully in Chapter 2 (Prochaska and

DiClemente 1983). Patients need to be receptive to the messages, appreciate that

physical activity will improve their heaith, and have few barriers to increasing



physical activity in practice. If general practitioners are aware of these factors and

tailor their counselling accordingly, the intervention is more likely to succeed. The

initiative also involves on-going support to the patient receiving a Green Prescription

in the form of guidance from community-based exercise specialists, the option of

community-run activity programs, and on-going encouragement from the surgery.

This support may be important for the maintenance of change in patients' levels of

physical activity. Clinicians and exercise specialists were taught motivational

interviewing techniques and assessment of the 'stage of change', based on the

transtheoretical approach, to maximise patient physical activity behaviour change

(Marcus and Simkin 1994).

For an initiative like the Green Prescription programme to succeed, general

practitioners must be willing to accept and implement the strategy. They must also

demonstrate the skills to motivate a change in patient behaviour, as has been

demonstrated in evaluations of similar interventions overseas (Riddoch, Puig-Ribera

et al. 1998). The efficacy of the primary care physician or general practitioner in

increasing physical activity has been demonstrated (Anonymous 1994; Cupples and

McKnight 1994; Calfas, Long et al. 1996). However, the gains in physical activity in

these studies were either short-term, involved only those with pre-existing

cardiovascular disease or were in the context of a programme addressing multiple risk

factors. In additions, the gains were modest. Furthermore, the evaluation of health

outcomes from physical activity counselling in primary care has rarely been

attempted. Where it has, outcomes have been disappointing (Halbert, Silagy et al.

2000; Dubbert, Cooper et a\.2002). Further study of the effectiveness of such primary

care interventions in the 'real world' in New 7*,aland is necessary to understand the

true impact of the brief primary care intervention.

New health initiatives and quality assurance components need to be evaluated in

practice to see if they are achieving their specified aims (Marwick, Grol et al. 1992).

Comprehensive evaluations of interventions, such as the Green Prescription, provide

evidence for health funders, to address health outcome targets (Ministry of Health

1999). Health outcomes are defined as measurable changes in health status.

One possible barrier to the success of health initiatives such as the Green Prescription

programme and other quality assurance initiatives, is that there is often a variable



uptake by general practitioners. A committee of the World Organisation of National

Colleges, Academies and Academic Associations of General Practitioners/ Family

Physicians (WONCA) examined the influences involved in motivating general

practitioners to change. Part of the quality assurance cycle, and an important

motivator for general practitioners, was found to be the provision of feedback to the

individual general practitioner, on the effect of their interventions (Marwick, Grol et

al. L992).In the present study, we encouraged general practitioner involvement in the

study, provided feedback as to how their patient participants fared, and disseminated

outcome-based evidence of the effect of their intervention.

For the purposes of this study, the Green Prescription intervention was developed

one-step further to include systematic screening of patients at the practice reception.

This screening identified those who were not achieving the recommended level of
physical activity and prompting of general practitioners was done to deliver the

intervention to those eligible and willing. As such, the Green Prescription became a

systematic practice-based and patient-prompted intervention rather than an

opportunistic clinician-initiated intervention. The rationale for this approach was to

allow all those eligible to receive the intervention and to maximise the potential

population benefit. This strategy also streamlined the process in that the general

practitioner was not responsible for ascertaining present level of activity or

determining who would be willing to receive such an intervention.

Interventions may sometimes be effective but lack practical application in real life

circumstances. Therefore, it was important to test an intervention that was both

sustainable and acceptable to all participants. The Green Prescription intervention has

had a good level of acceptability from clinicians and patients in New Zealand over

several years. The history of the development and uptake of this intervention is
presented in Chapter 2. Briefly, the Green Prescription programme was already being

used in some regions of New Zealand at the time of this study. A short-term

randomised controlled trial of the Green Prescription had already been undertaken

which demonstrated increases in physical activity over a six-week period (Swinbum,

Walter et al. 1998). Indeed, the intervention was introduced into the Waikato region

mid 1999 at the same time as the randomised controlled trial for this thesis was being

designed. This timing allowed for a preliminary assessment of effectiveness before



widespread adoption of the intervention, but also ensured that an intervention with

demonstrated short-term effectiveness, good face validity and sustainability was being

assessed.

It has not previously been shown that Green Prescriptions facilitate a long-term

increase in physical activity. Nor has it been shown that any physical activity

intervention in primary care improves the health of the patients involved. The

previous randomised controlled trial of exercise advice from a general practitioner

supplemented with a Green Prescription showed a short-term (6-week) improvement

in physical activity when compared with exercise advice alone (Swinburn, Walter et

al. 1998). The control group in this study received advice, thus potentially

underestimating the true impact of the initiative. In addition, potential selection bias

caused by having the enrolled doctors select patients for inclusion in the study may

limit the generalisability of the results (Swinburn, Walter et al. 1998). Thus, there was

a need for a randomised controlled study evaluating the effect of a prescription for

exercise in terms of long-term exercise levels and health outcomes within the current

setting of general practice in New 7*aland.

In order to carry out the present study, a cluster randomised controlled trial design

was chosen based within general practice, to ensure a rigorous evaluation of

effectiveness and reduce the risk of contamination of intervention. A discussion of
this methodology is set out in Chapters 2 and 3. The population with the most to gain

from a physical activity intervention includes those who are less active and those at

high risk of cardiovascular disease, the rationale for which is presented in Chapter 2.

Accordingly, sedentary patients aged between 40 and 80 years of age and visiting

their usual general practitioner were chosen as the study population. The trial was also

defined as 'pragmatic' in that it was based in every-day general practice to ensure

generalisability of findings to real-life practice.

An important criterion, when justifying differential allocation of 'scarce' resources, is

that of cost effectiveness. Therefore, a cost-effectiveness analysis of the intervention

was also carried out. With the increasing push for cost-effective health care, a study

addressing this aspect has the potential to make a major contribution to current

understanding of the utility of the health dollar. This study may inform future



decisions concerning the allocation of funds to preventative health initiatives like the

Green Prescriptions.

The cost-effectiveness analysis includes both costs and offset costs to the funder to

allow funding decisions to be made, but also includes costs and offset costs to the

participants and to the community at large. This approach is called a 'societal

perspective' and outlines the real costs and benefits to society of a health intervention.

Furthermore, while a cost-effectiveness analysis provides the cost per unit health

outcome (cost-effectiveness ratio), a comparison with another intervention is

necessary to produce a comparative cost-effectiveness analysis @rummond, O'Brien

et al. 1997). Hence, the cost-effectiveness of the Green Prescription intervention is

compared with that of two other physical activity interventions from the United States

and the United Kingdom. The methods and results for the cost-effectiveness

evaluation are presented in Chapters 3 and 4, respectively.

Issues of physical activity assessment had to be addressed prior to the evaluation of

the effectiveness of a physical activity intervention. Appropriate measurement of
physical activity within large epidemiological trials is an area for debate. A summary

of the issues is presented below. This thesis uses physical activity questionnaires to

assess physical activity. Although the use of questionnaires is a recognised method for

assessing physical activity, no questionnaires were found that had been validated

within primary health care amongst less-active middle-aged or older adults, the target

population of the intervention. Yet, the validity of an instrument should be context

and population-specific (Rennie and Wareham 1998). To achieve this purpose, a

physical activity questionnaire was adapted for use in the trial, and a reliability and

validity study undertaken within primary health care amongst less-active adults prior

to the commencement of the principal study. The methods used in the reliability and

validity study are presented in Chapter 3 and the results in Chapter 4.

L.2 Objectives of the Thesis

In the light of the foregoing considerations, this thesis addresses the three topics of

adapting and validating an appropriate physical activity questionnaire, evaluating the

effectiveness of the 'Green Prescription' intervention, and assessing the cost-

effectiveness of this intervention. Specifically the objectives of the thesis are:



1. To assess the reliability and validity of a physical activity questionnaire

adapted for use amongst less-active adults within a primary health care setting.

2. To assess the effectiveness of the Green Prescription physical activity

intervention within primary health care over a one-year period in terms of

physical activity, cardiovascular risk, and quality of life, amongst less-active

40 to79 year-old adults.

3. To assess the cost-effectiveness of the Green Prescription physical activity

intervention.

1.3 Structure of the Thesis

The thesis is divided into six chapters, including introduction, literature review,

methods, results, discussion, and conclusions. The introduction has presented the

rationale for the study and its objectives. The literature review sets the thesis within

the wider context of what is known in the literature about physical activity and

cardiovascular disease and quality of life. A history of the development of the Green

Prescription intervention is also presented. Three systematic reviews are included,

which assess existing background knowledge for the three objectives of this thesis. A
justification for the methods used in this thesis is also presented as the final section of

the literature review.

The methods, results and discussion chapters are divided into the three objectives

dealt with in the thesis. The first objective involves a study of reliability and validity

of two adapted physical activity questionnaires. The second includes a pilot study and

the cluster randomised controlled trial of the Green Prescription intervention. The

third comprises a cost effectiveness evaluation of the Green Prescription intervention.

Results and implications for widespread implementation and future research from this

work are discussed in the conclusion in Chapter 6.



2 Literature Review

2.1 Introduction

This literature review provides the context for the thesis. The first section presents a

background summary of evidence for the relationship between inactivity and

cardiovascular disease and the link between physical activity and quality of life. This

section also includes a short history of the evolution of the Green Prescription

progralnme. The next three sections deal with the three thesis objectives, outlining

what is known from the literature already and identifying gaps that this thesis

addresses. Lastly, the literature review presents the rationale for using a randomised

controlled trial with cluster randomisation to demonstrate the effectiveness of the

Green Prescription programme in a pragmatic setting.

2.2 Background

2.2.1 Physical Inactivity and Cardiovascular Disease

2.2.1J Relative Risk

Based on longitudinal epidemiological studies, physical inactivity has been

recognised as a risk factor for cardiovascular disease for more than half a century. As

early as 1953, Morris and colleagues identified an increased incidence of coronary

heart disease and mortality amongst sedentary civil servants compared with

individuals in active jobs such as postal workers (Morris, Heady et al. 1953). They

were also able to demonstrate the same increased incidence amongst 'sedentary' bus

drivers compared with 'active' bus conductors (Morris, Kagan et al. 1966).

Paffenbarger and others found a dose-response relationship between physical activity
(miles walked, stairs climbed, sports played and energy expenditure per week) and

all-cause mortality after following up l6,gi6 Harvard alumni for 16 years

(Paffenbarger, Hyde et al. 1986). This study may have had limited generalisability

because only men participated and they were predominantly of a higher socio-

economic and educated background. However, the evidence has remained consistent



in subsequent studies and systematic reviews (Kampert, Blair et al. 1996; Ire and

Skerrett 2001). There is a particularly strong relationship between physical inactivity

and risk of coronary heart disease as demonstrated by meta-analyses and systematic

reviews (Powell, Thompson et al. 1987; Kohl 2001). A large meta-analysis by Berlin

and Colditz in 1990 showed a relative risk of coronary heart disease of 1.3 -1.9 for
sedentary, compared with active, adults with respect to occupational and non-

occupational physical activity (Berlin and Colditz 1990). This finding has been

confirmed by many subsequent studies (Lindsted, Tonstad et al. 1991; Blair, Kohl et

al- 1995:. Morgan and Clarke 1997; Bijnen, Caspersen et al. 1998). Further evidence

to support the dose-response relationship between activity and cardiovascular risk

comes from the Nurses' Health Study where there was a graded reduction in coronary

artery disease risk with increased walking (Manson, Hu et al. 1999).

There is also evidence for a graded reduction in risk of all-cause mortality with

increasing cardiovascular fitness. Blair and colleagues followed a cohort of 9,777 men

for 5 years measuring physical fitness and all-cause mortality. There was a drop in all-

cause mortality of 44Vo between the most and the least fit. There was also evidence

that the least fit benefited the most by an increase in cardiovascular fitness (Blair,

Kohl et al. 1995).

However, because all these epidemiological studies are non-experimental, there is

always the risk of unrecognised confounding factors. Therefore, although there

appears to be a relationship between physical activity and primary prevention of
cardiovascular disease and reduced mortality, it is not completely certain. Although

there are randomised controlled trials for secondary prevention using lifestyle

interventions such as physical activity that have shown improved cardiovascular

outcomes or reduced mortality, there are no such trials for primary prevention

(O'Connor, Buring et al. 1989; Miller 1997; Ebrahim and Davey-Smith 1999; Garcia-

Palmieri 2000; Ketola, Sipila et al. 2000; Coats 2001; Jolliffe, Rees er al. 2003).

Primary prevention intervention trials have shown improvements in cardiovascular

risk with increased exercise, such as blood pressure, lipid profiles and risk of diabetes,

but not cardiovascular outcomes or mortality. Randomised controlled trials with

cardiovascular and mortality outcomes would be needed to more convincingly

demonstrate the relationship between physical activity and primary prevention of



cardiovascular disease and the magnitude of that relationship. However, these trials

would have to be very large with a long follow-up to demonstrate change. The

existing evidence for benefit from physical activity in improving cardiovascular risk

factors means that such a trial would not only be expensive and logistically difficult,
but may face opposition due to the ethical issues surround.ing withholding physical

activity advice.

Even so, previous reviews of observational studies have found that the better the

quality of the study, the stronger the relationship demonstrated between physical

activity and cardiovascular disease outcomes (Powell, Thompson et al. 1987; Berlin

and Colditz 1990). This finding increases the likelihood that there is a causal

relationship between ph ysical inacti vity and cardiovascular di sease.

In New 7-ealand, research, the relative risk of cardiovascular mortality associated with

physical inactivity has been estimated to be between 1.3 and 1.8 (Ministry of Health

L999). These figures are consistent with a review of primarily longitudinal studies, by

Stephenson and colleagues (Stephenson, Bauman et al. 1999).

2.2.1.2 Is there a Dose-Response Relationship?

There appears to be a dose-response relationship between physical activity and

cardiovascular mortality, based on observational studies (Kohl 2001). The greater the

usual energy expenditure, the lower the risk of all-cause mortality after controlling for

several confounding risk factors (Kesaniemi, Danforth et al. 2001). However, the

physical activity threshold to reduce cardiovascular risk in terms of intensity, duration

and frequency, is inconclusive (Kohl 2001). Measurements of physical activity in

studies have often been dichotomised to produce a comparison of risk of high activity

to moderate activity or sedentary lifestyles. This makes a comprehensive

understanding of the relationship between energy expenditure and risk, difficult,
particularly when the measurement, definitions, and categories of intensity and

quantity of physical acrivity vary from one study to the next.

A recent systematic review of observational studies exanrining physical activity and

all-cause mortality also found clear evidence of a linear dose-response relationship

between total energy expenditure and all-cause mortality in men and women (Ire and

Skerrett 2001). Many studies measured only energy expenditure associated with
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leisure time or occupations, rather than total energy expenditure. The measurement of
only one type of activity limits interpretation of change in energy expenditure,

because reductions or increases in other areas, such as domestic activity, are ignored

and not measured. For example, while leisure exercise may increase, total energy

expenditure may actually decrease due to compensatory reductions in domestic,

transport, or occupational physical activity.

Despite these limitations, current evidence shows that adherence to the recommended

30 minutes of moderate-intensity physical activity on most days of the week, was

associated with a reduction in all-cause mortality risk of 20-30 7o (I*e and Skerrett

2001). A 20-30Vo reduction in risk of ischaemic stroke has also been observed with

similar amounts of physical activity or walking in a large study of 72,500 participants,

conducted over a period of eight years (Hu, Stampfer et al. 2000). This amount of

physical activity represents approximately 1000 kcaU week (4,200 kilojoules) energy

expenditure in addition to daily light activity and basal metabolic rate. Further risk

reductions were associated with greater energy expenditure. There was also some

indication that there was at least some benefit from lower amounts of light activity,

possibly as low as 500 kcaUweek (Lee and Skerrett 2001). There was not enough data

collected by the studies reviewed to ascertain if different frequencies, duration or

intensities of activity were significant, assuming constant energy expenditure.

These figures are based on observational studies only, and no randomised controlled

trials of interventions were found that demonstrated reduced mortality in primary

prevention. However, there is some evidence of a weakly graded response from

randomised controlled trials of physical activity and short-term health outcomes (Oja

2001). Outcomes include cardiovascular fitness, blood pressure, lipid profiles and

glucose tolerance, which are indicators of cardiovascular and other morbidity and

mortality.

2.2. 1,3 Cardiovascular Fitness

Cardiovascular fitness, more than physical activity, is closely correlated with health

outcomes and mortality. The relationship is clearly curvilinear with an asymptote at

higher fitness levels @lair, Kohl et al. 1995; Blair, Cheng et al. 2001). The less clear

relationship with physical activity may be partly due to the difficulty entailed in
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measuring physical activity accurately in everyday life (Kesaniemi, Danforth et al.

200r).

A review of the literature showed that three ten-minute sessions of moderate activity

throughout the day were as effective at improving cardiovascular fitness as one 30-

minute session (ie the energy expenditure was the same) (Hardman 2001). However,

it was also found that cardiovascular fitness increased more with high intensity

activities than low or moderate intensity activities undertaken for a longer duration,

assuming constant energy expenditure (Hardman 2001).

2.2.1.4 Blood Pressure:

2.2.1.4.1 Acute Effects:

The acute post-exercise hypotensive effect can be a reduction as great as 18-20 mm

Hg systolic andT-9 mm Hg diastolic for up to L2-16 hours (Thompson, Crouse et al.

2001). The best response is seen in mildly hypertensive people, where a daily exercise

regime can lower blood pressure for most of each day. Average reductions in blood

pressure post exercise (12-16 hours), including normotensive individuals, were more

modest (2.IlA3 mm Hg) using an exercise threshold of about 4O7o of VO2 max (ibid).

2.2.1.4.2 Chronic Effects

Two good quality meta-analyses report that the blood pressure response to aerobic

physical activity is similar for frequencies between three and five times per week and

for sessions between 30 and 60 minutes (Halbert, Silagy et al. 1997; Fagard 2001).

Exercise trials included in the meta-analyses varied from four to 52 weeks. Exercising

at 30-85Vo of VO2max reduces blood pressure by 312 mm Hg in normotensive

participants and 7/6 mm Hg in the hypertensive group, according to one meta-analysis

(Fagard 2001). An average reduction of 4.713.1mm hg was found in the other meta-

analysis (Halbert, Silagy et al. 1997) and 5.4/1.9 mm hg in another review

(Thompson, Crouse et al. 2001). All three reviews found very little difference in

blood pressurc reduction with moderate versus vigorous intensity exercise (eg: 40 -

85VoYO2 max).There was some evidence that sustained effects on blood pressure are

achieved after three sessions of exercise (Thompson, Crouse et al. 2001). The
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beneficial effect can be lost in 1-2 weeks of not exercising (Thompson, Crouse et al.

2001).

The most recent high quality meta-analysis of physical activity interventions and

blood pressure found that aerobic exercise (3G-60 minute sessions, 3-5 times per

week) was associated with a significant reduction in blood pressure (Whelton, Chin et

al.2002). Mean systolic and diastolic blood pressure reductions of -3.84 mm Hg and -

2.58 mm Hg, respectively, were found. Concurring with previous reviews, there was

no obvious advantage of vigorous over moderate intensity activity. The modest

reduction in blood pressure may reflect the fact that more long-term trials, and more

community-based trials with less exercise 'supervision', were included in this meta-

analysis, compared with previous reviews. This may mean lower compliance with

exercise and an apparent lower reduction in blood pressure when compared with

previous estimations.

2.2.1.5 Lipids

It has been estimated that for every 0.026-mmol/L increase in serum high-density

lipoprotein (tDL) concentration, the risk for a coronary heart disease event is reduced

by two percent in men and at least three percent in women (Iron and Sanchez2O0l).

The same review stated that one percent reduction in serum low density lipoprotein

concentration (LDL) is associated with a two to three percent lower risk of coronary

heart disease (Leon and Sanchez20}l).

2.2.1.5.1 Acute Effects

Physical activity acutely reduces triglycerides (3-157o) and increases HDL (443Vo)

18-72 hrs after exercise (Thompson, Crouse et al. 2001). There is no obvious

threshold for the effect but it seems to be proportional to energy expenditure. The

effects are probably mediated by increased enzyme activity, causing the delay in

response. Lowered LDL (4-38Vo) is partly due to haemodilution and is seen only after

prolonged high intensity activity (eg marathon running) (ibid).
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2.2.1.5.2 Chronic Effects

Meta-analyses and reviews have noted variable relationships between change in lipid

profile and increased physical activity. The most consistent finding is an increase in

HDL of 4-5Vo with regular moderate or vigorous activity (Halbert, Silagy et al. 1999;

Leon and Sanchez 2001). Average reductions of 0.08-O.10 mmol/L have been

reported for triglycerides, LDL and total cholesterol in one meta-analysis (Halbert,

Silagy et al. 1999). These estimates are similar to findings of other reviews based on

both randomised controlled trials and observational studies (Kesaniemi, Danforth et

al. 2001; lron and Sanchez 2001). There is inadequate data to evaluate a dose-

response relationship, but most studies involved exercise energy expenditures of over

500 kcaUweek (I*on and Sanchez200l).

The lipid profile response to exercise is equivalent for young and old. One review of

the experimental literature suggested HDL in men might respond more to exercise

(Wilmore 2001). However, there was no difference found between the response of
men and women in terms of their total cholesterol/HDl ratios or other lipid levels in

another review of randomised controlled trials and observational studies fl-eon and

Sanchez 2001; Wilmore 2001). Study participants with previous cardiovascular

disease or worse baseline lipid profiles tended to improve their lipid profiles with

exercise more than "healthy" participants were able to achieve (Wilmore 2001).

Evenso, there appears to be considerable individual variation in physiological

responses to exercise (Kesaniemi, Danforth et al. 2001).

Furthermore, HDL changes may be partly explained by weight-loss from exercise. A

review of studies about health effects and weight-loss from exercise showed that

while observational studies suggested an independent effect of exercise on lipids,

many intervention studies did not address the issue of body weight as a confounding

factor (Williams 2001). When body weight was controlled for in the intervenrion

studies, the increase in HDL was no longer statistically significant. He concluded,

also, that the reduced coronary heart disease and cardiovascular disease observed with

increased fitness might also be primarily due to weight control (ibid).
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2.2.1.6 Weight Red.uction

Intervention trials of weighrloss from physical-activity interventions with short-term

follow-up (up to 16 weeks) tend to involve twice the energy expenditure (2200 vs

1100 kcaUweek) of long-term studies (more than 26 weeks). This was reported in a

recent review of the literature (Ross and Janssen 2001). These short-term follow-up

studies resulted in three times the weight reduction (0.18 vs 0.06 kfweek) and fat loss

(0.21 vs 0.06 kg/week) compared with long-term follow-up studies. There was also a

dose-response relationship between exercise-induced weight loss and body fat

reduction in short-term studies but not in long-term studies. Physical activity tended

to be associated with reductions in abdominal and visceral adiposity @oss and

Janssen 2001).

Recently, the American College of Sports Medicine made a position statement about

appropriate interventions for weight loss. This statement suggests that although the

recommended 30 minutes of moderate activity five days per week (equivalent to

approximately lO00kcaVweek) is of benefit for cardiovascular risk, twice that amount

may be needed for weight-loss (>2000kcavweek) (Jakicic, clark et al. 2001).

2.2.1.7 Diabetes Prevention

Diabetes is a significant risk factor for cardiovascular disease and mortality. Regular

physical activity is associated with a decreased risk of developing type 2 diabetes. A
review of cohort studies showed that a 6Vo decrease in risk of developing diabetes was

associated with each 500 kcal expended on leisure-time physical activity per week,

after adjustment for age (Kesaniemi, Danforth et al. 2001).

There is also evidence from intervention trials that physical activity and dietary

interventions can impair progression to type 2 diabetes from impaired glucose

tolerance, by 50- 607o. This evidence was derived from the Malmo intervention trial

in Sweden (Eriksson and Lindgarde 1991), the Diabetes Prevention study in the

United States (Charatan 2001) and the Da Qing srudy in China (Pan, Li et al. 1997).

The Da Qing study included some groups with exercise alone, in which reductions in

the progression to diabetes were reported (Kelley and Goodpaster 2001). There is not

enough data to work out dose-response relationships, but the United States

intervention study was based on the recommendation of 30 minutes of physical
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activity on most days of the week (Anonymous 1999). The benefit of the exercise and

the dietary intervention was also effective in significantly reducing mortality rates to

the level of the normoglycaemic population at 12 years follow-up of the Malmo trial

@riksson and Lindgarde 1998).

2.2.1.8 Glucose Metabolism and Diabetes Control

Physiological studies have demonstrated that exercise decreases insulin resistance in

peripheral tissues and improves insulin-stimulated glycogen metabolism in skeletal

muscle. However, this may be an acute effect rather than a training effect. Exercise

also improves post-prandial glucose (not fasting levels) and may increase insulin

secretion post-prandially. If this last effect were proven, it would be unique as neither

diet nor pharmacological agents can increase early phases of post-prandial insulin

secretion. There is also an indication that exercise may acutely decrease the hepatic

production of glucose in type 2 diabetes. Overall, metabolism of glucose in the

peripheral tissues of individuals with diabetes becomes closer to 'normal' with

exercise (Kelley and Goodpaster 2001) (Thompson, crouse et al. 2001).

A review of randomised controlled trials showed that even a single session of exercise

can improve glucose control in people with type 2 diabetes and ameliorate insulin

resistance in other subjects (Thompson, Crouse et al. 2001). Hepatic production of
glucose the next day is reduced. However, the response lasts for only a few days. A
session of moderate activity for 45-60 minutes has been shown to reduce blood

glucose levels in type 2 diabetics by I-2 mmoL/L, while blood glucose levels of
people without diabetes remain constant, even during vigorous exercise (Thompson,

Crouse et al. 2001).

One third of studies in one review found no long-term decrease in HBAIc from

exercise interventions for individuals with type 2 diabetes, despite increases in fitness

(Kelley and Goodpaster 2001). Where a decrease in FIBAIc was found, this was

modest (0.5-L.OVo). (The minimum therapeutic criteria indicared by the United States

Federal Drug Administration for approving pharmacological glucose lowering

medications is about l7o reduction in F{bAtc) (Kelley and Goodpaster 2001). Because

the effect is modest, no dose-response relationships have been revealed.
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It is difficult to separate the effect of exercise and diet on diabetes control, as they are

often advised together in intervention studies. Furthermore, medications may be

altered with improving and worsening diabetic control, potentially masking the effect

of exercise (Kelley and Goodpaster 2001).

2.2. I -9 c oagulation, H ae rno static, and other c ardiov asc ular Effe ct s

Changes in the balance of factors promoting and inhibiting coagulation probably play

a role in both the potentially harmful and protective effects of exercise. For example,

the formation of thrombosis is an important process in cardiovascular events such as

myocardial infarction and stroke. Strenuous exercise can increase platelet activation

and adhesion, particularly amongst previously sedentary individuals who have a

higher catecholamine response to exercise (Rauramaa, Li et al. 2001). This process

may contribute to cardiovascular events or sudden death occasionally seen in

strenuous exercise. However, platelet activity is inhibited during moderate exercise

(eg: 50To of VO2 max) and platelet adhesion decreases with regular exercise.

Raised fibrinogen levels are an independent risk factor for cardiovascular disease

(Kesaniemi, Danforth et al. 2001). Observational studies show an inverse relationship

between fibrinogen levels and physical activity levels. However, randomised

controlled trials have been unable to demonstrate a consistent effect on fibrinogen

(ibid). Tissue plasminogen activator is increased acutely with exercise and

plasminogen activator inhibitor (PAI-l) is decreased, but only in strenuous exercise.

Regular physical activity seems to have little long-term effect on these factors (ibid).

Adipose tissue plays an active role in thrombus formation and may be involved in

exercise induced changes in PAI-1 production. The role of adipose release of PAI-1,

insulin and other cytokines as a response to exercise is not completely understood

(Rauramaa, Li et al.200t).

Regular exercise also improves myocardial contractility and coronary perfusion. In

fact, exercise improves arterial compliance and endothelial function, in general. It is
thought that greater sheer stress with exercise enhances synthesis of nitric oxide from

endothelial cells. Nitric oxide may siow the development of atherosclerosis. Nitric

oxide may also reduce risk of acute coronary events by relaxing smooth muscle and
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inhibiting the proliferation of smooth muscle, platelet aggregation and leukocyte

adhesion to vessel walls (Clarkson, Montgomery et al. 1999) (Stewart zo02).

2.2.1.10 Summary

In summary, there is substantial observational evidence that increasing physical

activity level is associated with improved cardiovascular outcomes. However,

experimental evidence for an independent effect of physical activity on primary

cardiovascular events and mortality is lacking, due to the large study population and

time that would be required to demonstrate such an effect. Ethical and compliance

issues would also be encountered in such a trial.

However, there is strong experimental evidence to show a relationship between

increasing Ievels of physical activity and intermediate outcomes predictive of
cardiovascular outcomes. In particular, it has been shown that increasing level of
physical activity amongst 'less active' and 'at risk' individuals can increase

cardiovascular fitness. Increasing physical activity can also lower blood pressure,

improve serum lipid profiles, reduce weight, lower risk of diabetes development and

improve glycaemic control. In addition, some of the mechanisms are now understood

by which physical activity may reduce the risk of coagulation defects and clor
formation, important in the onset of coronary and cerebrovascular events.

2.2.2 Prevalence of Physical Inactivity in New Z*aland,

The prevalence of 'physical inactivity' in a country depends on the definition used or

the question asked. Unfortunately, there has not been agreement over a standard

survey question or measurement tool for asking about physical activity. This limits

the ability to compare prevalence estimates of inactivity between countries (Stephens

and Caspersen 1994).

Some instruments used to measure national prevalence of inactivity have not been

validated,, such as those used in the United States (Sallis and Saelens 2000).

Furthermore, relying on self-report as a measure of physical activity levels is fraught

with inaccuracies (Sallis and Saelens 2000; Lamonte and Ainsworth 2001).

Throughout the developed world, such as the United Kingdom, United States,

Australia and New Znaland, reported proportions of the 'inactive' population vary
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considerably. Prevalence of inactivity is estimated to be 327o (Sport and Recreation

New Zealand 2003) to 42Vo in New Zealand (Ministry of Health 1999). In Australia,

the prevalence has been estimated to be 447o (Stephenson, Bauman et al. 1999)

compared with 60Vo in the United States (Berlin and Colditz 1990) and TOVo in the

United Kingdom and Finland (Haapanen-Niemi, Vuori et al. 1999). If there were a

close causal relationship between cardiovascular disease and physical inactivity, then

one would expect large differences in cardiovascular disease incidence between these

countries, which is not the case. It is more likely that the definition of inactivity or the

question used in each country is slightly different.

Evidence-based recommendations were made in the United States by the Centres for

Disease Control and Prevention, and the American College of Sports Medicine, and

disseminated in the Surgeon General's report in 1996 (pate, pratt et al. 1995; Centers

for Disease Control and Prevention 1996). These reports concluded that every adult

should accumulate 30 minutes or more of moderate-intensity physical activity on

most, preferably all, days of the week (Pate, Pratt et al. 1995). The American Heart

Association has made similar recommendations (Stewart 2002). Since that time, most

definitions of physical inactivity have been based on this recommendation. However,

New Zealand surveys tend to ask about the accumulation of 2 Vz hours of moderate

activity per week, while researchers from the United States ask about 30 minutes of
moderate activity on most days of the week. This discrepancy may partly explain the

difference in prevalence figures.

2.2.2.1 Incidence of Cardiavascular Disease in New Zealand

The incidence of death from coronary heart disease, hypertension or cerebrovascular

accidents, which make up most of the cardiovascular disease in New Zealand, was

109/100,000 (0.0011) for female and 195/100,000 (0.0020) for male populations in

1996. These rates accounted for 9,581 deaths during that year (Hay 1999).

2.2.2.2 Population Attributable Risk

An estimated 2143 deaths (29,137 years life lost) can be attributed to physical

inactivity per year in New T.ealand (Ministry of Health 1999). Using the concept of
population attributable risk (FAR) and assuming the population was 3.8 million in
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1996, approximately 922 cudiovascular deaths amongst men and 507 cardiovascular

deaths amongst women could be attributed to physical inactivity in New 7*aland.l

2.2.2.3 Fraction of Cardiovascular Mortality Attributable to Physicat Inactivity

A theoretical "attributable fraction" (AO or amount of a cardiovascular mortality

attributable to a risk factor can be calculated.2 Therefore, approxim ately 24Vo of all

cardiovascular mortality could be attributed to physical inactivity in New Znaland,, if
the relative risk for cardiovascular mortality is 1.8 for inactive compared with active

individuals and the prevalence of inactivity is 0.4. In other countries, the attributable

fraction of cardiovascular mortality due to physical inactivity has also been estimated.

This figure was estimated to be 35Vo in the United States (Kesaniemi, Danforth et al.

2001) and between22Vo and3g%o amongst middle-aged Finnish men after adjustment

for other risk factors (Haapanen-Niemi, Vuori et al. 1999). The higher attributable

fractions are due to the estimation of higher prevalence (p) of inactivity in some

countries (e.g. 607o in the United States and 70Vo in Finland).

In New 7*aland,, the impact of physical inactivity on cardiovascular mortality will
depend on the relative risk and the prevalence of physical inactivity in each gender

and age group. Relative risks and prevalence of inactivity for each subgroup have

'PAR=It-lu
11=p*le+(I-p)Iu
PAR = p(RR-I)*Iu
/t is the incidence of cardiovascular mortality (only including CHD, hypertension and CVA deaths) of
the total population and is estimated to be 0.002 (195/100,000) for males and 0.001I (109/100,000) for
females based on mortality statistics (Hay, 1999).
p is the proportion of the population exposed to the risk (prevalence) which is estimated to be 0.4
(Ministry of Health, 1999).
RR is relative risk of cardiovascular mortality and is estimated to be 1.8 - 1.3 (Berlin and Colditz,
1990; Ministry of Health, 1999).
And: RR=Ie/Iu
Ie is the incidence of cardiovascular mortality of the exposed population (inactive). /e is therefore
estimated n be o.oo2l27 (t1367) for males and 0.0015 (U667) for females.
/tr is the incidence of cardiovascular mortality of the unexposed population (active). /a is therefore
estimated to be 0.001515 (l/660) for males and 0.000833 (ril2ffi) for females.
Assuming the population was approximately 3.8 million in 1997-9 and pAR = It - Iu:
For males: PAR = 0.002 - 0.001515 = 0.00O485
0.000485 * 1,900,000 population = 922 deaths
For females: PAR = 0.001 I - 0.0008333 = O.OOO267
0.0W267 * 1,900,000 population = 507 deaths

'AF=p(RR-I)*lu/lt
And, AF= (p * (RR - l)) /(p * (RR-t) + t)

= (0.4 'r (1.8 -l)) | (O.4* (1.8 _ l) + l)
=O.24
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been obtained from the literature and the attributable fractions (AF) are presented in
Table 2-1 (Ministry of Health 1999).

Table 2'1 Relative Risk of Cardiovascular Mortality for Inactive compared with
Active Individuals, and the estimated Cardiovascular Mortality attributable
(Attributable Fraction) to Inactivity for Middle-aged and Older Adults in New
Zealand.

Age RR (female) AF (Vo) RR (male) P$ (Vo)

45-64

65-74

75+

RR refers to relative risk; AF refers to attributable fraction

However, these calculations use univariate analysis techniques and assume that risk

factors are randomly distributed and do not interact with other risk factors. These

assumptions are unlikely to be the case. Therefore, these results are crude estimates

only (Macera and Powell 2001).

2.2.2.4 Summary

In summary, levels of physical inactivity are high in New Zealand, and are responsible

for a significant portion of the cardiovascular morbidity and mortality. If interventions

are developed to increase levels of physical activity, substantial health gains may

result. To assess the effect of these interventions on cardiovascular outcomes,

intermediate outcomes that empirically reflect cardiovascular risk can be measured,

such as blood pressure.

2.2.3 Measurement of Cardiovascular Risk

In considering evaluation of physical activity as impacting on cardiovascular events,

estimated overall 'cardiovascular risk' can be used as a surrogate outcome. An

individual's risk of having a cardiovascular event in the next 4-lZ years can be

estimated using an equation that was originally developed from a study which took

place in Framingham in the United states (Anderson, odell et al. 1990). A
cardiovascular event includes angina pectoris, myocardial infarction, peripheral

1.8

t.4

1.3

24

r9

ll

1.8

1.8

1.3

24

ll

13
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vascular disease, congestive heart failure, transient ischaemic attack and stroke. Since

the initial development of the equation, equations to predict coronary heart disease

development, cerebrovascular disease event, any cardiovascular event, myocardial

infarction, and mortality from cardiovascular event for any period from 4 to 12 years,

have been developed (ibid).

The Framingham equations were developed to predict risk for those who had not had

cardiovascular events in the past. Recently, data from several generations from the

Framingham study have been analysed and an equation for predicting coronary heart

events in people with previous cardiovascular disease has been developed

(D'Agostino, Russell et al. 2000). This equation may be less accurate for predicting

events in older women (personal communication with D'Agostino), however, it offers

the best prediction for secondary events to date.

There are other limitations with these equations. Firstly, they were developed using an

American population. There is some evidence to suggest that the risk of some diseases

varies with ethnic group, particularly cardiovascular disease. In this case, the

equations may not be valid for the New Zealand population with its unique ethnic

mix. Secondly, only a certain number of variables are taken into account in the

equations, including blood pressure, serum lipid concentration, diabetes status,

gender, age, left ventricular hypertrophy, and smoking. There may be other factors

independent of the traditional cardiovascular variables that could independently

predict the outcome, such as energy expenditure, intensity of exercise undertaken,

stress, or serum C-reactive protein @idker, Rifai et aL.2ffi2).

The Framingham S-year cardiovascular risk equation has been shown to adequately

predict proportions of the New Zealand population who will have a cardiovascular

event in the next 5 years (unpublished data, Richard Milne). However, the equation

was also shown to predict an event in individual men, only marginally better than

using 'age' as a predictor, based on data from a cohort of over 6,000 New Zealand

men and women (unpublished data, Richard Milne). The equation was no better than

'age' at predicting the first cardiovascular event in individual women.
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2.2.4 Physical Inactivity and Quality of Life

Other positive outcomes associated with physical activity include improved mental

heafth (Dunn and Dishman l99l; Glenister 1996; yeung 1996; stephenson, Bauman

et al' 1999; Miser 2000; Kesaniemi, Danforth et al. 2001). Although much of the

evidence is based on observational studies, one review of randomised controlled trials

was able to show a causal relationship between increasing physical activity and

improved mental health (Glenister 1996). There is also experimental evidence of the

beneficial effects on mood acutely, even after only one episode of exercise (Yeung

le96).

Health-related quality of life refers to the cognitive, social, physical and emotional

functioning of a person (National Health Committee 1998). Improved quality of life
has also been associated with increasing levels of physical activity (McAuley,

Courneya et al. 1991; Steptoe, Rink et al. 2000; Shephard 2001). Quality of life is also

an important predictor of physical functioning, particularly amongst older age groups

(Spirduso and Cronin 2001), although more randomised controlled trials are needed to

establish a causal relationship. A linear relationship between quality of life and

physical activity amongst older adults has been reported in one review (Kesaniemi,

Danforth et al. 2001).

Consequently, this thesis used quality of life as an outcome measure to assess one

aspect of effectiveness of the physical activity intervention in primary health care.

The use of the SF-36 questionnaire to assess health-related quality of life is described

in Chapter 3.

The preceding discussion justifies physical activity as an important area to attempt

intervention. In addition, relevant outcomes from a physical activity intervention

include amount of activity, cardiovascular risk, and health-related quality of life.

These three outcomes were chosen as measures of effectiveness in the cluster

randomised controlled trial of a physical acrivity intervention, described in Chapters 3

and 4. Consideration of a viable physical activity intervention for evaluation follows,

with a description of the development of the Green Prescription intervention.
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2.2.5 Development and Implementation of the Green Prescription Intervention

2.2.5.1 Introduction

In response to the high prevalence of inactivity and its health cost, initiatives to

promote physical activity have been developed throughout the world, including

initiatives in primary health care. In New Zealand, the Green Prescription physical

activity counselling initiative was developed for use in general practice. This section

describes how the intervention was developed and implemented. The theoretical basis

upon which the intervention was developed is also summarised.

2.2.5.2 Primary Care as the Setting for an Intertention

The choice of primary health care as a setting for a physical activity intervention was

made for various reasons. Firstly, general practice offers access to a majority of the

population. Over 80Vo of the population visit their general practitioner at least yearly

(Ministry of Health 1998). Secondly, the population visiting the general practice

expects to receive health advice. Receiving advice about physical activity from a

health professional may then be seen in the context of their continued med.ical and

preventative care. Thirdly, the general practitioner or practice nurse knows the risk

factors for each individual, and appropriate targetting of risk factors can be canied

out. In addition, the general practitioner or practice nurse often has knowledge about

each individual's psychosocial context and potential barriers to behaviour change, so

these factors can be addressed. Other brief interventions, such as smoking cessation,

have been shown to be effective within a primary health care context (Silagy and

Stead 2003).

2.2.5.3 Development and Implementation

The Green Prescription intervention was developed in the mid 1990s by the Hillary

commission (now known as sport and Recreation New zealand, or SpARC), a

government and publicly funded organisation that promotes physical activity and

sport in New Zealand. The Green Prescription intervention was based on exercise

prescription schemes developed in the United Kingdom. Thirty-seven general

practitioners from Auckland and Dunedin tested the Green Prescription on sedentary

patients in a randomised controlled trial undertaken during 1995 and 1996. A short-
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term increase in self-reported physical activity was demonstrated (Swinbum, Walter

et al. 1998). A qualitative study, investigating attitudes and perceptions of general

practitioners about the Green Prescription intervention and its implementation,

assisted in the development of resources for general practitioners and patients

(Swinburn, Walter et al. 1997). Pacific Island Heartbeat adapted the resources for

Pacific Island languages (Cook Island Maori, Tongan and Samoan).

The Green Prescription intervention was officially launched in the northern region of

New Zealand by the then Minister of Sport, Fitness, and Leisure (Murray McCully) in

May 1997. Exercise specialists at regional sports foundations were trained about their

support role in the Green Prescription intervention, and its implementation. Training

of general practitioners was achieved through local Independent Practitioners

Associations (IPAs). A public media campaign was held in Northland and Auckland

using radio, bus posters and mail, to encourage patients to ask their general

practitioner for a Green Prescription.

By May 1998, a survey of 317 Northland and Auckland general practitioners showed

that 65Vo had prescribed a Green Prescription and 97Vo were giving verbal advice

about increasing physical activity (Commuication with the Hillary Commission). In

July 1998, a nation-wide rollout of the intervention was started through IPAs, Mdori

Health Providers, individual general practitioners, and practice nurses. Computer

prescribing of the intervention was also introduced into general practice. Green

Prescription area managers were employed to liaise between the Hillary Commission,

regional sports foundations, general practitioners, practice nurses and other health

professionals throughout New 7*aland. Patients who had received a Green

Prescription and who either contacted exercise specialists or were referred by their

clinician to an exercise specialist at a regional sports foundation, were sent out

quarterly newsletters. Direct referral from health clinician to exercise specialist, by

fax, established telephone-based exercise specialist support of patients. Referrals

continued to increase yearly, with 4,000 referrals made from mid 2000 to mid 2001,

and 4,925 made from 2001 to 2oo2 in the following year @gures supplied by the

Hillary Ccmmission).

Surveys of random samples of between 400 and 1000 general practitioners were

conducted annually from 1999-2003 to ascertain uptake of the initiative. The
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proportion of general practitioners, nationally, that had given a Green Prescription

increased steadily from 47Vo in 1999-2O00 to 73Vo in November 2002. However, the

average number prescribed, remained low (ranging from 2.7 to 5 per general

practitioner per month over that period). The 2002 survey indicated that practice

nurses also initiated the intervention in 357o of the practices surveyed. The reasons

recorded for giving a Green Prescription were most frequently noted as 'weight'

(93Vo), 'diabetes' (6IVo), and 'high blood pressure' (60Vo) (Information provided by

the Hillary Commission). 'Time' appeared to be the major impediment to more

frequent use of the Green Prescription.

Funding for the Green Prescription initiative was provided by the Ministry of Health

during 1999/2000. Pharmac took over the funding from 2000 until 2003. A project to

investigate how the intervention could better meet the needs of M6ori was

commenced in November 2000 (Information provided by the Hillary Commission).

2,2.5.4 Transtheoretical Behaviaur Change Model

Following the initial studies of the Green Prescription intervention (Swinburn, Walter

et al. 1997; Swinburn, Walter et al. 1998), motivational interviewing techniques were

introduced to increase the effectiveness of the intervention. These techniques were

based on the transtheoretical approach, which has been suggested as an effective way

to deliver physical activity advice (Marcus and Simkin 1994; Marcus, King et al.

1996). Motivational interviewing tailors the counselling approach to the 'readiness to

change' or 'stage of change' of the patient. In the context of physical activity, the

stages of change refer to the following. The 'precontemplator' stage means the patient

is not doing adequate physical activity, but also does not want to increase their

activity. The 'contemplator' stage means they are considering increasing activity. The

'preparation' stage means they are preparing to increase activity. The 'active' stage

means that they are already increasing their physical activity. The 'maintenance' stage

refers to individuals who are maintaining adequate activity levels.

The original transtheoretical theory was developed to change smoking behaviour

(Prochaska and DiClemente 1983). Subsequently, the model has been applied to other

behaviour change interventions for alcohol and substance abuse, smoking cessation,

dietary change, HIV risk behaviour and exercise (Dunn, Deroo et al. 2001). Many of
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the studies of primary care physical activity intervention have used this model

(Graham-Clarke and Oldenburg 1994; King, Sallis et al. 1998; Goldstein, Pinto et al.

1999; Harland, white et al. 1999; Dunn, Deroo et al. 2001; Kirk, Higgins et al. 2001;

Sarkin, Johnson et al. 2001; Pinto, Friedman et al. 2002; woods, Mutrie et aL.2002).

The evidence for a greater effectiveness of the transtheoretical approach, compared

with other approaches, is not certain. A systematic review of 29 randomised

controlled trials of behaviour change found that motivational interviewing was

effective at changing substance abuse behaviour (Dunn, Deroo et al. 2001). However,

there was inadequate evidence to demonstrate its effectiveness in other lifestyle

behaviour change, including physical activity. A meta-analysis of 91 studies involving

physical activity found that there was evidence of a relationship between stage and

actual level of activity and most changes in activity were in the direction predicted by

the transtheoretical theory (Marshall and Biddle 2001). Even so, there was not clear

evidence that physical-activity behaviour change occurs in a series of qualitatively

different stages. More work on standardising the stages and improving reliability is

needed (ibid).

Using stage of change as an outcome is of limited significance, if not backed up by an

actual change in physical activity. It is therefore inappropriate to use 'stage of change'

as a principal outcome without also measuring actual change in physical activity,

which has been done in several physical-activity intervention studies (Pinto, Lynn et

al. 2001; Woods, Mutrie et aL.2002).

Once the importance of physical activity to health outcomes was established, and a

reasonable intervention to evaluate was identified, information about measurement of

the main outcomes and evidence for the effect of other interventions was sought.

2.3 Systematic Review of Physical Activity Questionnaire Reliability

and Validity Studies

2.3.1 Introduction

This section presents a background to physical activity assessment in epidemiological

study. The advantages and limitations of using physical activity questionnaires for

assessment are discussed, with particular reference to their potential use in primary
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health care research. The requirements of a 'good quality' physical activity

questionnaire and the importance of validating questionnaires amongst appropriate

populations and in relevant settings are justified.

Previous reviews of physical activity validity and reliability studies are presented and

discussed. In addition, a systematic review of the physical activity validity and

reliability studies published in the literature from 1990 to 2002 was conducted for this

thesis. Evidence tables are included in Appendix 3. The section concludes with the

rationale for conducting the physical activity questionnaire reliability and validity

study for this thesis.

2.3.2 Measurement of Physical Activity using Self-report Instruments

The issue of what intensity of activity is necessary to lower disease risk remains

contentious (Wilson, Paffenbarger et al. 1986). Part of the reason for the lack of
agreement is the difficulty in measuring everyday physical activity accurarely,

amongst individuals and populations (Pols, Peeters et al. 1995; Pols, Peeters et al.

1997; Wareham and Rennie 1998). The use of the physical activity questionnaire for

assessment of physical activity levels is the most practical method for large-scale

epidemiological study (Washbum 2000). More objective methods, such as direct and

indirect calorimetry and doublyJabelled water techniques, are either impractical in an

epidemiological setting or their expense prohibits large-scale use (Ainsworth, Leon et

al. 1993). Measures of fitness, such as VO2 max (maximum oxygen consumption),

are often reasonably correlated with the amount of vigorous-intensity activity that an

individual undertakes, but are often not correlated with the amount of moderate- and

lower-intensity activity (Hopkins, Wilson et al. l99l).

Physical activity questionnaires are frequently used in epidemiological study. They

are low-cost and practical, can be designed or adapted for particular study

populations, are well tolerated by respondents, and have been shown to be reasonably

accurate (Pereira, FitzerGerald et al. 1997). However, physical activity self-report

instruments do have limitations. Firstly, self-report bias has been demonstrated (social

desirability bias) (Sallis and Saelens 2000). Self-report has sometimes been found to

overestimate physical activity by as much as 100-300Vo, particularly rvhen estimating

vigorous activity when compared with estimates from objective measures, such as
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doubly-labelled water or accelerometry (Klesges, Eck et al. 1990; Sallis, Strikmiller et

al. 1996). However, moderate activity tends to be more accurately reported or even

underestimated in physical activity questionnaires (Hayden, Sallis et al. 1998;

Buchowski, Townsend et al. 1999). Categorical data, such as the number of days of at

least 60 minutes of physical activity, seem [o be more accurately recalled and

reported, than continuous data, such as duration and intensity of certain activities.

(Prochaska, Sallis et al. 1999) However, categorical data lacks the precision of

continuous data necessary to detect small amounts of activity change and to

investigate subtle dose-response relationships between physical activity and health

outcomes.

Cognitive skills are required to interpret and fill out physical activity questionnaires,

which can be challenging, particularly for very young, very old, or less literate

respondents (Sallis and Saelens 2000). This phenomenon may explain why one

review found that interviewer-administered questionnaires often have higher validity

than self-administered questionnaires (ibid). Interviewer administration allows

explanation and assistance by the interviewer. However, another study found higher

reliability correlations for questionnaires mailed and self-administered questionnaires,

compared with telephone interview-administered questionnaires (Washburn, Smith et

al. 1993). Recall bias usually implies an overestimate of exercise participation. Yet,

some studies have shown that self-administered questionnaires have produced lower

estimates of leisure activity than interviewer-administered questionnaires (Vuillemin,

Oppert et al. 2000).

In a non-blinded trial situation, interviewer assistance may increase the chance of

interviewer bias compared with self-administered questionnaires. In addition,

interviewer-administered questionnaires may not be practical for screening patients in

a busy primary care setting, where self-administered questionnaires would be more

efficient. Therefore, a self-administered questionnaire was chosen for use in the Green

Prescription trial.

When conducting physical activity questionnaires there needs to be agreement about

definitions of terms such as 'vigorous' or 'moderate' intensity activity between

respondents, interviewers, and researchers. This agreement is difficult to achieve.

However, the use of empirically based physical activity compendia can help
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standardise the interpretation of certain physical activities as light, moderate, or

vigorous, according to their energy expenditure classification (Ainsworth, Haskell et

al. 2000). Therefore, such compendia were used in the Green Prescription trial, as

described in Chapter 3.

Self-report physical activity instruments also lose accuracy if the information reported

is not complete (Sallis and Saelens 2000). Many physical activity recall instruments

do not ask about all categories of activities or appropriate modes of activity for the

respondent population, so large portions of daily activity may not be recorded. For

example, one study found that physical activity levels of African American women

were underestimated because the questionnaire asked only about leisure-time physical

activity (ibid). Much of their activity was undertaken while working at their

occupation and while undertaking household tasks. Therefore, it is important for self-

report instruments to ask about activities appropriate to the study population, and

measure frequency, intensity, type, and duration of activity, making sure that leisure-

time, domestic, occupational, and transport activities are included @auman,

Armstrong et al. 1999). Furthermore, estimates of light activity, inactivity, and rest,

need to be made to produce a realistic estimate of total energy expenditure. Again,

such information is necessary to detect subtle dose-response relationships between

physical activity levels and health outcomes (Pereira, FitzeCerald et al. 1997;

Kesaniemi, Danforth et al. 2001). These issues were considered when selecting and

adapting a questionnaire for use in the Green Prescription trial.

The fact that a variety of physical activity self-report measures have been developed

and are being used in epidemiological study, makes it difficult to compare results

between studies (Stephens and Caspersen 1994). However, if we are to feel confident

about the results of a survey or study of physical activity, the reliability and the

validity of the instrument used to estimate physical activity should be demonstrated.

In many situations, this has not been done. For example, the measures used to

estimate national levels of physical activity in the United States have not been

validated, (Sallis and Saelens 2000) although, those used to estimate New Zealand

national levels, have been validated (Hopkins, Wilson et al. 1991). Furthermore, the

reliability and the validity of the instnrment used to measure physical activity are

important for other reasons.
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When assessing the reliability of self-report physical activity instruments, test-retest

reliability results will depend not only on the quality of the instrument, but also on

several other factors, Besides the cognitive and memory abilities of the participants,

the period asked about in the questionnaire, and the length of time between

administrations of the questionnaire, will also influence results. For example, if the

two administrations of a questionnaire ask about different periods of activity,

discrepancies in answers may reflect real change in activity levels rather than low

reliability of the tool.

It is also important to assess the criterion-related validity of questionnaires used. At

present, there is no ideal objective gold standard that measures all the aspects and

categories of physical activity. Objective direct measures of physical activity, such as

doublyJabelled water, heart rate monitoring, and motion sensing, have been favoured

over objective indirect measures, such as cardio-respiratory fitness (eg. VO2max) and

body composition, as they are more closely related to actual activity (Sallis and

Saelens 2000). For example, cardio-respiratory fitness has a variable relationship with

actual physical activity, particularly in younger people (Sallis and Saelens 2000) and

older adults (Tager, Hollenberg et al. 1998). Body composition is influenced by many

other variables (such as energy intake).

The use of subjective measures, such as activity diaries as comparators for validation,

risks the same recall bias as questionnaires. In one study, activity diaries were found

to over-estimate physical activity by 40-60Vo amongst women (Jakicic, Polley et al.

1998). However, direct measures, such as hean rate monitoring, have also been shown

to over-estimate and under-estimate energy expenditure. For example, one study

compared heaft-rate monitoring and activity diaries for estimating energy expenditure,

using energy intake adjusted for changes in body energy stores as a reference

(Kalkwarf, Haas et al. 1989). This study found group energy expenditure was over-

estimated by heart rate monitoring by 2-9Vo, but that enors in estimating individual

energy expenditure ranged from -53Vo to 67Vo. Activity diaries, on the other hand,

underestimated group energy expenditure by 2-6Vo, with individual errors from -39Vo

to 56Vo. This finding would suggest that while both methods are adequate for group

activity estimation, neither is particularly good at estimating individual activity

(Kalkwarf, Haas et al. 1989).

3t



While objective measures do not risk 'recall bias', none of the objective measures

discriminate type, frequency, duration, and intensity of component activities, so

subjective measures, such as activity diaries, have been widely used to supplement

assessment of validity (Ainsworth, Montoye et al. 1994; Montoye, Kemper HCG et al.

1996; Wareham and Rennie KL 1998).

Activity diaries are particularly useful if they are structured to measure the same

classifications of activities, over a similar time span, as the questionnaire. Types,

durations and subjective intensities can be recorded which are equivalent to those

measured by the questionnaire. Activity diaries have been used to validate most well-

known physical-activity questionnaires (Anoll, Jackson et al. 1991; Jacobs,

Ainsworth et al. 1993; Richardson, I€on AS et al. 1994; Wareham and Rennie KL

1998). Interestingly, the levels of validity comparing questionnaires with activity

diaries, are often similar to or greater than those achieved against doubly-labelled

water for the same questionnaires (Philippaerts, Westerterp et al. 1999; Bonnefoy,

Normand et al. 2001; Conway, Irwin et aL.2002).

Despite the limitations of 'self-report', physical activity questionnaires do often

demonstrate good correlation with more objective measures. The use of self-report

instruments is justified, particularly if they are used to measure change in group

phsyical activity, rather than absolute energy expenditure of individuals. Even so, it is

essential that such instruments demonstrate good reliability, content validity, and

criterion-related validi tv.

It is therefore important to review the literature on physical-activity questionnaire

validity and reliability prior to choosing, adapting and validating an appropriate

physical activity questionnaire for use in a study.

2.3.3 Previous Reviews of Physical Activity Questionnaires

The first comprehensive review of physical activity assessment in epidemiological

research was carried out in 1985 (LaPorte, Montoye et al. 1985). This review divided

self-report techniques into several categories, including 'recall' (detailed records of

activities for periods of one to seven days), or 'quantitative histories', (asking about

periods lasting more than a week) or 'general surveys'. Validity and reliability levels

of the questionnaires were not included.
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Another review was published in 1992, although it was not a systematic review

(Ainsworth, Montoye et al. 1994). This review concluded that no "gold standard"

measurement techniques exist. They stressed the need for accurate and valid

questionnaires that measure the various types of physical activity, and can be

generalised to populations of different socio-economic, gender, age, and ethnic groups

(ibid).

Montoye at al published a review of physical activity questionnaires in 1996

(Montoye, Kemper et al. 1996). The authors present a summary of the six physical

activity questionnaires most commonly used amongst adults in epidemiological

studies, as a practical guide to choosing an appropriate instrument for estimating

physical activity. Correlation coefficients for validity and reliability when compared

with other recall methods, doubly labelled water, activity monitoring, and physical

fitness measures, were presented in table format. In addition, physical activity

questionnaires used in national surveys amongst the elderly, and amongst children,

were discussed. Questionnaire reliability and validity results were also summarised.

The authors concluded that questionnaires are useful in large population surveys but

have limitations, particulaly for estimating activity of young children and the elderly.

The development and validation of further questionnaires suitable for particular age

groups and settings was recommended. In addition, the authors note that assessment

of validity is limited by the lack of a 'gold standard' comparator, and to date, the

validity and test-retest reproducibility of questionnaires have not been adequately

studied. However, Montoye does suggest that doubly labelled water may be an

effective criterion 'gold standard', useful in validating instruments that estimate total

energy expenditure (Montoye, Kemper et al. 1996).

Another useful resource for physical activity questionnaires was published in 1997

(Pereira, FitzerGerald et al. 1997). This article presented reproductions, instructions

about use, and data on reliability and validity, for most physical activity

questionnaires used in epidemiological study. The questionnaires were grouped as

suitable for use in the general population, suitable for older adults, or as major

population-based surveys. The reliability and validity of each questionnaire were

reported from the literature. The methocis used and sample populations tested in the

validation studies, were described in detail.
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The next review found that four physical-activity questionnaires commonly used

amongst older adults, the Modified Baecke, Zuphthen, Yale and PASE questionnaires

were as reliable and valid as questionnaires for broader age groups. The measurement

of physical activity in the older age group is particularly difficult because most of

their activity is in the light to moderate categories, which are the most difficult to

estimate acurately (Washburn 2000).

The most recent review was undertaken by Sallis and Saelens. This review examined

self-report physical activity instruments that had been validated against objective

measures (doubly-labelled water, heart rate monitoring or motion sensors) (Sallis and

Saelens 2000). The review also assessed the content validity, by assessing whether the

following dimensions were measured by each questionnaire: Type, frequency,

intensity, and duration of activity, and sedentary, moderate, vigorous, leisure, work,

household and transport activities (ibid).

All the reviews of physical activity questionnaires described above, focussed on the

questionnaires themselves, rather than systematically reviewing validity and

reliability studies. Some of the reviews presented the results of reliability and validity

studies for each questionnaire (Pereira, FitzerGerald et al. 1997; Sallis and Saelens

2000). However, the latest review did not include physical activity questionnaires

validated against activity diaries (Sallis and Saelens 2000). In addition, many studies

have been published since these reviews. Therefore, an updated systematic review of

reliability and validity studies of physical activity questionnaires was conducted for

this thesis.

All published studies of the reliability or validity of physical-activity questionnaires

were identified by a search, as described below, and reviewed to assess the level of

reliability and validity considered adequate in the literature. Comments on the quality

of the studies were also made. The review was also undertaken to locate any physical

activity questionnaires that had been validated for use amongst adults in primary

health care.

2.3.4 Methods

This sub-section presents the methods used for a systematic review of physical-

activity reliability and validity studies published in English from 1990 to 2002. To be
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consistent with the most recent systematic review, which focussed on the content

validity of currently used questionnaires (Sallis and Saelens 2000), the period of

review chosen was 1990 until the present. Validity studies prior to this date were

excluded, because prior to the 1990s, most questionnaires did not include all

categories of activity and focussed mostly on vigorous activity. It was only during the

1990s when the importance of moderate- as well as vigorous-intensity activity was

appreciated, that the questionnaire designs reflect this emphasis and were more likely

to include appropriate questions.

The present literature review addresses the following specific questions:

l. What are the methods used and the quality of reliability and validity studies

carried out in studies to date?

2. What level of criterion-related validity is considered adequate for use in

epidemiological study? ('Criterion-related' validity is the measure of how

similar the results of one instrument are, to those of a 'gold standard' or

'reference standard', such as doubly labelled water or activity diary.)

3. Have any physical activity questionnaires been validated for adults within the

setting of primary health care?
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2.3.4.1 Search Strategy

Several electronic medical databases were searched. Key words were mapped to

relevant subject headings for each database. All databases and terms used are listed in

Table2-2.

Table 2-2LiJerature Search Strategr of Electronic Databases, and Subject
Headings used to locate Test-Retest Reliability and Validity Studies of Physical
Activity Questionnaires from l99O to2002

Databases Physical activity
subject
headings

Questionnaire
subject headings

Validity and reliability
subject headings

Medline (1966-2WZ) Exercise

Embase (1980-2002) Physical activity

SportDiscuss (1949-2002) Physical fitness

Cinahl (1982-2002) Leisure acrivities

Exertion

Leisure

Reliability

Reproducibility

Reproducibility of results

Sensitivity

Specificity

Test reliabiliry

Comparative study

Validity

Questionnaires

Data collection

lnterviews

Survey

Health survey

Short survey

2,3,4.2 Inclusion Criteria

To be included in the review, the study needed to assess test-retest reliability, or

criterion-related validity, of physical activity questionnaires. The questionnaires had

to have been used to assess present levels of physical activity amongst adults for

epidemiological purposes, and be self- or interviewer-administered. Studies that used

physical activity diaries, logs or other records, motion sensors, heart-rate monitoring

or doubly-labelled water estimation of energy expenditure, as direct reference

measures, were included in the validation review. Studies using indirect criterion

measures such as fitness (eg. VO2max or body composition) were not included unless

direct criterion measures were also used.

2.3.4.3 Data Abstraction

All titles were assessed and abstracts read, of studies thought to fulfill inclusion

criteria. The Medline search produced 428 papers. Titles or abstracts were reviewed to
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produce 84 papers that potentially fulfilled inclusion criteria. The Embase search

initially produced 93 papers from which 3l were potentially eligible for inclusion. A

total of 6l articles fulfilled inclusion criteria, from these two databases, after a more

careful examination of abstracts or full papers. Six more studies that fulfilled

inclusion criteria were found from the 77 papers identified from the SPORTDiscus

database. Lastly, Cinahl database was searched, which produced 142 studies from

which no new studies fulfilling inclusion criteria were identified. A further five

studies were identified by examining reference lists from previous reviews.

In total, 72 studies fulfilled the inclusion criteria. Most of these studies were read in

full, except for a few that were part of theses or in papers that could not be obtained.

In these cases, information was obtained from abstracts. Data abstracted for the

systematic review included study design, questionnaire used, number, type and

recruitment rates of study participants, statistical methods used, results, and authors'

interpretation of results.

2.3.4.4 Citical Appraisal

The present author was unable to locate a validated quality assessment system for

reliability and validity studies from the literature. The quality of diagnostic-test

validation studies is related. Criteria for assessing quality of diagnostic test validation

studies are presented below (Lijmer, Mol et al. 1999).

. Spectrum (population)

o Verification (complete, different reference tests or partial)

e Interpretation of test results (blinded or not blinded)

o Patientselection (consecutive ornon-consecutive)

o Data collection (prospective, unlnown or retrospective)

o Details of test (sufficient or insufficient)

o Details of reference test (sufficient or insufficient)

e Details population (sufficient or insufficient)

Of the eight criteria, an inappropriate or poorly described study population

(spectrum), the use of unsuitable reference tests, an insufficient description of the test,
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and a lack of blinding, were found to have had the greatest potential for exaggerating

odds ratios (Lijmer, Molet al. 1999).

Although these criteria are not directly transferable to physical activity reliability and

validity studies, some aspects have been used for the critical appraisal in this

systematic review. One criterion that is of importance is the quality of the 'gold

standard' comparator used in the validity studies. Furthermore, the method of

recruitment of the study sample (random, consecutive, convenience or volunteers)

will affect generalisability, as will the population from which the sample is drawn and

the participation rates. For example, a sample drawn from University alumni is likely

to have an ovelrepresentation of higher socio-economic and educated individuals.

Both these variables are associated with higher levels of usual physical acrivity. In

addition, the results from such a study may not reflect the ability of less educated

groups to fill out a self-administered questionnaire. The size of the sample will also

influence the precision of the results, and the generalisability of findings. Therefore,

the sample size, method of recruitment, participation rate, and appropriateness of the

population from which the sample was drawn, were all used to assess the quality of

the studies.

Physical-activity validity studies are difficult to 'blind'. For this reason, blinding was

not used as a criterion for quality assessment. The choice of statistical tests used in the

analysis of reliability and validity was assessed, because the choice of an

inappropriate test, such as unadjusted Pearson's correlation coefficients for skewed

data, may inflate the results. Therefore, measures of study quality included:

1. Choice of reference standard, ranging from highest to lowest quality (use of

more than one reference comparator improves quality):

a. Doubly-labelled water

b. Heart Rate Monitoring

c. Activitv Monitor

d. Activity Diary or Log
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2. Study Population (size, selection, and participation rates, of sample

population). Sample sizes were considered large if they were greater than 100,

moderate between 30 and 100, and small if they were Iess than 30.

3. Methods of analvsis

As most papers identified in the review included a reliability study, the most

detailed quality assessments were carried out on reliability assessment. The

implications of these assessments also affect the internal and external validity of

the accompanying validity studies.

2.3.5 Studies Identified and Critical Appraisal

Seventy-two articles were identified containing reliability and validity studies that

fulfilled the inclusion criteria. Studies are listed in four evidence tables, in order of

year of publication (Appendix 3: Tables 7-1 to 7-4). These articles included 49 studies

of questionnaire test-retest reliability (Table 7-l). Twenty-seven studies assessing

validity of physical activity questionnaires compared with physical activity diaries or

logs were found in the 72 articles (Table 7-2). Table 7-3 presents the 25 studies

assessing validity of physical activity questionnaires compared with motion-sensors

or heart rate monitoring located in the articles. Lastly, Table 7-4 presents nine studies

assessing validity of physical activity questionnaires compared with doublyJabelled

water.

2.3.6 Discussion of the Review

This systematic review assessed the studies of reliability and validity of physical

activity questionnaires, published from 1990 to 2002 (Appendix 3), which met pre-

specified inclusion criteria. No studies were identified that assessed the reliability and

validity of physical activity questionnaires within a primary care context. The

methodologies, and quality of the studies, were variable, which made comparison

difficult.

In some studies, total energy expenditure or total activity was reported more reliably

than other activity sub-groups (Table 7-1, Appendix 3) @harathi, sandhya et al.

2000; Wareham, Jakes et al.2002). However, this finding was not always the case and
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there was a lot of variability in results, which made it difficult to generalise about the

findings. For example, in some studies there were low test-retest reliability correlation

coefficients for occupational activities (Wareham, Jakes et al. 20A\ or household

activities (Chasan-Taber, Erickson et al. 2002) compared with other categories. Other

studies found occupational (Pols, Peeters et al. 1995) and household activities

(Richardson, kon et al. 1994) were the most reliably reported.

As has been noted previously, this review found that vigorous or 'heavy' activities

tended to be reported more reliably than other activity categories (Jacobs, Ainsworth

et al. 1993; Richardson, l-eon et al. 1994). Vigorous activities were often more

accurately reported in the validity studies, as well (Ainsworth, Iron et d. 1993;

Chasan-Taber, Rimm et al. 1996; Ainsworth, Bassett et al. 2000; Singh, Fraser et al.

2001). In fact, reported levels of validity for total activity or vigorous activity were

often greater than for other activity categories, and were sometimes the only

correlations reported (Anoll, Jackson et al. 1991; Richardson, Ainsworth et al. 2001;

Schuler, Richardson et al. 2001; Young, Jee et al. 2001; Wareham, Jakes et al.2002).

Light-intensity activity tended to be the least accurately reported in physical activity

questionnaires compared with other reference measures (Richardson, Iron et al.

1994; Suleiman and Nelson 1997).

Motion sensors tended to be more highly correlated with reported walking, sport or

vigorous activity, than with total activity or other activity categories (Table 7-3,

Appendix 3) (Richardson, Ainsworth et al. 1995; Ainsworth, Bassett et al. 2000;

Singh, Fraser et al. 2001). Even so, correlation coefficients of activity questionnaire

estimates, compared with motion sensors estimates, tended to be low (e.g. r = 0.2-

0.4). This was probably due to the fact that questionnaires and motion sensors are

measuring different aspects of physical activity, as well as due to the imprecision of
physical activity recall.

Men tended to report physical activity more consistently over time than women,

although this was not always the case (Pols, Peeters et al. 1995; Pols, Peeters et al.

1997; Wareham and Rennie 1998). It is hard to know whether this finding meant that

reporting was more reliable amongst men, or that actual activity varied less, than with

women. In the validity studies (Tables 7-2to 7-4, Appendix 3), results also showed

greater validity when activity was reported by men than when reported by women
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(Pols, Peeters et al. 1995; Richardson, Ainsworth et al. 1995; Pols, Peeters et al. 1997;

Pols, Peeters et al. 1997; Richardson, Ainsworth et al. 2001). However, sometimes the

reverse was true (Ainsworth, Leon et al. 1993; Suzuki, Kawakami et al. 1998; Singh,

Fraser et al. 2001). It may be that some questionnaires were more suited to the usual

activities of men. In addition, men tend to participate more in sporting and vigorous

activities that are more reliably and more accurately reported, than light and moderate

activities.

There did not seem to be an agreed upon standard for accepting reliability or validity

as adequate for epidemiological study, although most chose to consider correlation

coefficients of at least 0.6, adequate for reliability. The correlation coefficients

considered adequate for validity varied depending on the reference measure used for

comparison. Coefficients of 0.2 to 0.5 were often considered adequate for motion

sensors, while coefficients of at least 0.6 were expected for activity records or diaries.

The acceptability of agreement also varied depending on the activity categories

compared. For example, greater agreement was expected for vigorous activities than

moderate or light activities, due to the difficulty of recalling the latter types, acurately.

Assessing reliability and adequacy of the questionnaires was not only complicated by

differences in the ability to recall, but also by the fact that some discrepancies are due

to real activity change rather than the inadequacies of the questionnaire.

This systematic review was limited by the fact that the included studies represented

only those located through the search of the stated databases. Bibliographies of

individual studies were not examined for further studies and the grey literature was

not searched. It was assumed that the present search was representative rather than

exhaustive. The systematic review was also limited by the exclusion of studies using

indirect measures of activity, such as VO2max.

The strengths of this systematic review are that it is the most up-to-date, and the first

to systematically locate reliability and validity studies primarily, rather than assessing

the reliability and validity studies of specific questionnaires. This review examines

what is generally considered as adequate reliability and vaidity in the literature. In

addition, it provides a critical appraisal of some of the methods used in the studies.
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2.3.6.1 The Quality of Reliability and Validity Studies

The quality of reliability and validity studies was variable. It was difficult to compare

the studies because of the use of different definitions, energy expenditure calculations,

categorisation of activity, and analytical methodologies. However, almost all of the 49

reliability studies used conelation coefficients to assess test-retest reliability, with a

significant proportion using more than one method of statistical analysis to assess

agreement, which aids in interpreting the internal validity of results.

Many studies used Pearson correlation coefficients, without supplementing the

analysis with non-parametric statistics (Rauh, Hovell et al. 1992; Dipietro, Caspersen

et al. 1993; Bonnefoy, Kostka et al. 1996; Pols, Peeters et al. 1996; Allison, Keller et

al. 1998; Suzuki, Kawakami et al. 1998; Bharathi, Sandhya et al. 2000). Pearson's

correlation coefficients tend to produce higher values than Spearman rank order

correlation coefficients when data are skewed, which is frequently the case with

physical activity data. However, some studies appropriately conducted log-

transformation of the skewed data prior to calculating Pearson's corelations

(Ainsworth, Jacobs et al. 1993; Ainsworth, I-eon et al. 1993; Chasan-Taber, Rimm et

al. 1996; Chasan-Taber, Erickson et al. 2002). Other studies conducted square root

transformation to attain a normal distribution of data (Woll Hunter et al. 1994).

Although Pearson's product-moment and Spearman's rank order correlation

coefficients have been the most commonly used methods for measurement of

reliability, Booth points out that both these methods measure association, not

agreement @ooth, Owen et al. 1996). Also, Pearson's correlations assume a bivariate

situation, yet reliability is univariate, and Pearson's correlations are not able to detect

trends over time, which is important when assessing reliability (Patterson 2000).

Alternative methods such as intraclass correlation coefficients and limits of agteement

(for continuous data) (Bland and Altman 1986; Patterson 2000) and Kappa statistics

(for categorical data) have been recommended for assessment of repeatability (Booth,

Owen et al. 1996). Presentation of confidence intervals has also been recommended

(Patterson 2000), although few studies presented these (Washburn, Smith et al. 1993;

Pols, Peeters et al. 1997; Sobngwi, Mbanya et al. 2001).
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The use of correlation coefficients alone to assess agreement between two

measurement techniques may actually be misleading (Bland and Altman 1986). The

scale or absolute values from the two measurement techniques may be quite different

but still produce high correlation coefficients. To assess agreement, Bland and Altman

developed a graphical depiction whereby the differences between the values obtained

by each measurement technique are plotted for each individual against the mean of

the two values (Bland and Altman 1986). Bland-Altman plots are rarely presented in

physical activity questionnaire reliability and validity studies. When they are

presented, in five studies, results were variable, possibly due to the imprecision of

assessing physical activity (Lakka and Salonen 1992; Pols, Peeters et al. 1997; Pols,

Peeters et al. 1997; Lowther, Mutrie et al. 1999; Liu, woo et al. 2001). Some studies

used the Bland-Altman approach to calculate repeatability coefficients, without

presenting the graphs @e Abajo, Laniba et al. 2001; Sobngwi, Mbanya et al. 2001).

Lastly, the absence of statistically significant differences between means is not the

same as being the 'same', and is an inappropriate measure of similarity. This was a

cornmon method but was usually supplemented by an analysis of correlation

(Bonnefoy, Kostka et al. 1996; De Abajo, Larriba et al. 2001; Sobngwi, Mbanya et al.

2001). Whether correlation coefficients were statistically significant was more a

reflection of sample size than degree of agreement.

The variability in intervals between administrations of the questionnaire, and

variability of the period asked about, makes comparison between studies difficult. The

interval between administrations of questionnaires in test-retest reliability studies

varied from a few days (Lowther, Mutrie et al. 1999) to five years (Ropponen,

Levalahti et al. 2001). While the appropriate interval between the administrations will

be influenced by the period asked about in the questionnaire, too short an interval will

mean that the participants are likely to remember what they answered on the previous

administration. Too long a period will mean that the two administrations of the

questionnaire are estimating physical activity from different times, producing

different results. These differences are then interpreted incorrectly as measurement

error (Patterson 2000).

Some studies have shown that the correlations vary depending on whether the time

period asked about, is the same as in the initial administration, or different, (eg.
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F0.86 vs F0.58) (Booth, Owen et al. 1996). One study used a wide range of intervals

between questionnaire administrations, which is a further source of misinterpretation

of results (Roeykens, Rogers et al. 1998). In fact, the length of time between

administrations in Roeykens' study was shown to affect the correlation of results.

Therefore, it is important to have both administrations asking about the same period,

if possible. Patterson suggests questionnaires ask about the previous 7 days and be

repeated in the following 7 days to assess reliability (Patterson 2000). However, this

approach risks recall of previous answers. It is important, however, to use a test-retest

interval that is appropriate for the period asked about in the questionnaire. Therefore,

an appropriate interval (ll days), between repeated administrations of the 3-month

and the 2-week recall physical-activity questionnaires chosen for this thesis, was used

in the reliability study reported in Chapters 3 and 4.

2.3.6.1.1 Participants

It is also difficult to compare results from the studies in the systematic review, when

the sample size, sample selection methods, and participation rates are so variable.

Again, this variability will affect the internal and exernal validity of the findings.

Most early studies used a moderate-sized sample (30-99 participants). Many studies

used convenience sampling or volunteer participants (Ainsworth, Jacobs et al. 1993;

Bonnefoy, Kostka et al. 1996; sfakianos 1999; De Abajo, Laniba et al. 2001; Harada,

Chiu et al. 2001; Sobngwi, Mbanya et al. 2001). Volunteers were also used in all the

validity studies involving doubly labelled water.

Volunteer samples, used in validity and reliability studies, were often from highly

educated or higher socio-economic backgrounds. Some involved University alumni

(Ainsworth, Jacobs DR et al. 1993; Jacobs, Ainsworth et al. 1993; Chasan-Taber,

Erickson et aL.2002). One study included members of an aerobics class (Lowther,

Mutrie N et al. 1999), while two other studies included physical therapists or physical

therapy alumni (Miller, Freedson et al. 1994; Roeykens, Rogers et al. 1998). Two

studies included members of a religious denomination (Singh, Tonstad et al. 1996;

Singh, Fraser et al. 2001); one was limited to monozygotic twins (Ropponen,

I-evalahti et al. 2001); while two studies included people with chronic medical

conditions (Allison, Keller et al. 1998; Liu, Woo et al. 2001). These methods of
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sample selection may limit generalisability unless the questionnaires were intended

for use in that particular population. This was the case with several studies involving

specific sub-population, particularly ethnic groups, when the questionnaires were to

be used in a larger epidemiological study of that population (Kriska, Knowler et al.

1990). A few studies selected their study paricipants systematically or randomly from

a population (Arroll, Jackson et al. l99l; wolf, Hunter et al. 1994; Booth, owen et al.

1996; chasan-Taber, Rimm et al. 1996; Suleiman and Nelson 1997; wareham, Jakes

et al. 2O02). The results of these studies have better generalisability to the general

population, particularly if they have large sample sizes (Booth, Owen et al. 1996).

Participation and study completion rates were often low, particularly when systematic

or random selection was used (Suleiman and Nelson 1997), which may also limit

generalisabi lity of findings.

Several studies excluded outlying results in their analyses. These exclusions were

carried out by removing from the analysis, all participants who claimed that their

activity had changed significantly over the period of the study (Bonnefoy, Kostka et

al. L996; Pols, Peeters et al. 1996 Singh, Tonstad et al. 1996; Pols, Peeters et al.

1997). Alternatively, outlying results were excluded in a sensitivity analysis, with the

assumption being that such wide variations must be due to real activity change, rather

than measurement error (Wolf, Hunter et al. 1994). Although such exclusion may help

to reduce the effect of real activity change that lowers agreement between measures,

the exclusions are subjective and may have the effect of demonstrating greater

reliability of the tool than is the case. The lack of standardisation of criteria for

inclusion in analysis makes comparison of conelation coefficients and degrees of

agreement difficult when assessing the reliability and validity of the physical acrivity

questionnaires presented in the literature.

The reliability studies of the highest quality tended to use large, randomly selected

population-based samples (washbum, smith et al. l99l; washburn, Smith et al.

1993; chasan-Taber, Rimm et al. 1996; wareham, Jakes et al. 2002). In addition,

appropriate statistical tests were used (Ainsworth, Leon et al. 1993; Booth, Owen et

al. 1996; Pols, Peeters et al. 1997) with appropriate intervals between administration

or multiple administrations (Ainsworth, kon AS et al. 1993). The assessment of

several questionnaires simultaneously produced particularly useful comparative
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results in six studies, although the repeated recalling of activities may influence

results (Rauh, Hovell et al. 1992: Ainsworth, Jacobs et al. 1993; Jacobs, Ainsworth et

al.1993; Wilbur, Holm et al. 1993; Pols, Peeters et al. 1996; Philippaerts and l-efevre

1998).

Only nine validity studies used doubly-labelled water as a 'gold standard' reference

comparator in validity studies of physical activty questionnaires (Schultz, Harper et

al. 1994; Schuit, Schouten et al. 1997; Philippaerts, Westerterp et al. 1999; Starling,

Matthews et al. 1999; Bonnefoy, Normand et al. 2001; Leenders, Sherman et al. 2001;

Staten, Taren et al. 2001; conway, Irwin et a\.2002; conway, seale et al. 2002).

Three studies used heart rate monitoring as their reference comparator (Singh,

Tonstad et al. 1996; sobngwi, Mbanya et al. 2001; wareham, Jakes et al. 2o02).

Twenty-two studies used motion sensors (Table 7-3) and 27 studies used physical

activity logs or diaries to assess the validity of the questionnaires (Table 7-2).

The quality of a few studies was increased by using several reference comparators

(direct and indirect estimates of physical activity) (Jacobs, Ainsworth et al. 1993;

Leenders, Sherman et al. 2000). Patterson states that although there is no clear gold

standard of physical activity measurement, the use of several reference methods aids

the assessment of the 'construct' validity of an instrument (Patterson 2000). Although

the studies that used doubly-labelled water as their gold standard were of high quality

due to their choice of reference comparison, the external validity of all these studies

was limited by the small samples (13-35) of volunteers. Presumably, the small sample

sizes are a reflection of the cost of the doubly-labelled water technique. Many of the

doubly-labelled water validations of physical activity questionnaires reported low

correlation or regression coefficients (Conway, Irwin et al.2002: Conway, Seale et al.

2002).

2.3.6,2 l*vels of Reliability and Validity considered adequate for Questionnaire

use in Epidemiological Study

The levels of validity of questionnaires currently used in epidemiological study are

discussed below. Of interest were the authors' interpretations of what was considered

adequate levels of reliability and validity.
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Most Pearson's and Spearman's correlation coefficients of test-retest reliability

ranged from 0.5 to 0.8 for physical activities (Ainsworth, Iron et al. 1993; Pols,

Peeters et al. 1996; Pols, Peeters et al. 1997; Richardson, Ainsworth et al. 2001).

Intraclass correlation coefficients for test-retest reliability also ranged from 0.5 to 0.8

(Philippaerts and Lefevre 1998; Roeykens, Rogers et al. 1998; Weller and Corey

1998). Although, these levels of reliability seem variable and often low, they were

considered adequate by the authors of the studies. Correlation coefficients for physical

activity questionnaires compared with physical activity diaries tended to range from

0.5 to 0.9 for total activity as well as other categories of activity such as leisure-time

activity (Arroll, Jackson et al. l99l; Ainsworth, lron et al. 1993; Pols, Peeters et al.

1997). Even lower correlation coefficients were accepted in the literature as adequate

for physical activity questionnaires compared with motion-sensors (e.g. 0.2 to 0.6)

(LaPorte, Montoye et al. 1985; Richardson, I-eon et al. 1994; Lowther, Mutrie et al.

1999:' Washburn and Ficker 1999). These 'accepted' levels of correlation are low in

comparison to previous recommendations. The review of reliability of physical

activity self-report instruments by Sallis and Saelens (2000), reports weighted

correlation coefficients as 'acceptable' if greater than 0.6. Perhaps low correlation

coefficients were accepted because of the real variability of physical activity over

time as well as the imprecision of physical activity recall.

In summary, based on conrments from these studies, reliability correlation coefficients

of 0.6, are usually judged as acceptable for epidemiological study, while lower

validity coefficients are judged as acceptable (0.5 to 0.6). Correlation coefficients as

low as 0.2 or 0.3 may be acceptable when questionnaires are compared with heart rate

monitoring, motion sensors, or doubly labelled water. Often, if correlation coefficients

for motion sensors were very low or non-significant, they were ignored in the

discussions and results from other comparators used to justify validity.

Low correlations of these direct objective techniques may be found because they

measure different aspects of activity when compared with 'recall' techniques, and

may be influenced by other factors, such as emotion when using heart rate monitoring

for example. Alternatively, motion sensors may not detect certain activities, such as

light activities or upper body activities, or may not discriminate between different

intensities of activity. Doubly labelled water techniques are most useful when
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comparing estimates of total energy expenditure, not components of activity, as this
technique is unable to assess type, duration, or intensities of specific activities.

In addition, reliability and validity studies with adequate sample sizes of greater than
30 (ideally greater than 100), random or systematic selection of participants, and good
participation rates have the best external validity. Furthermore, a variety of statistical
techniques to measure similarity, which are appropriate for the potentially skewed
nature of the data, improve the internal varidity of results.

2.3.6.3 Physical Activity euestionnaires varidated in primary Heahh care

No physical activity questionnaires were found, that had been validated in a primary
health care setting, amongst adults. There was only one questionnaire found that had
been validated as a screening tool for adolescents in primary health care (prochaska,
sallis et al' 2001)' The validity of an instrument is context- and purpose-specific
(Panerson 2000)' Accordingly, a questionnaire found valid amongst one population,
in one context, may not be valid in another.

The findings from this systematic review support the claims of Little and colleagues,
who identified a major gap in the literature of physical activity assessment tools
validated for use within primary health care (Little and Margetts 1996).

This gap may have contributed to the inability of some studies to detect a change in
physical activity amongst sedentary adults in primary care. For example, a recent
randomised controlled trial of a physical activity intervention in primary health care
was able to demonstrate differences in physical fitness long-term amongst some
groups (The writing Group for the Activity Counseling Trial Research Group 2001).
However, the study was unable to show the differences in regular physical activity
between groups' using a previously validated questionnaire, although the increased
fitness was likely to have resulted from increases in physical activity. This example
demonstrates the difficulty in detecting change in usual activity level and the
importance of having physical activity assessment tools validated for the appropriate
target population and setting.

In other words, the external validity

influenced by the choice of appropriate

of physical-activity measurement tools

population for validation and the frame

is

of
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reference of exposure (Rennie and Wareham 1998). Physical activity questionnaires

have often been validated amongst active (Lowther, Mutrie et al. 1999) or educated

(Roeykens, Rogers et al. 1998) volunteers (Bonnefoy, Kostka et al. 1996) rather than

less active or randomly selected subjects. However, less-active adults visiting their

family doctor make up the population of interest for testing the effectiveness of most

physical activity interventions in primary health care.

To be suitable for use in primary care, questionnaires need to be self-administered and

filled out within l0-15 minutes. To allow comprehensive analysis, all major areas of

activities should be asked about in the questionnaires, including leisure-time,

occupational, and domestic activities (Wareham and Rennie 1998). The

questionnaires must also comply with recommended data standards for physical

activity measurement, which require recording type, frequency, intensity and duration

of each activity (Bauman, Armstrong et al. 1999).

In addition, most of the questionnaires assessed in the studies reviewed are not

suitable for use in the proposed study because they do not estimate total energy

expenditure. Several questionnaires do not ask about occupational activity

(Minnesota, Paffenbarger's, 7-Day recall, cardia, Godin, modified Baeke, Zutphen

questionnaires). Nor do many questionnaires ask about domestic (Paffenbarger's, 7-

Day recall, Cardia, Godin, Baeke questionnaires), or transport activities (Minnesota,

Paffenbargers, 7-Day recall, Cardia, Godin, Baeke, PASE, Yale questionnaires)

(Sallis and Saelens 2000).

2.3.6.4 Conclusion

This thesis attempts to address these gaps in the literature by choosing at least one

physical activity questionnaire suitable for use in primary health care and assessing

reliability and validity in the primary care context amongst 'less active' adults. The

physical activity questionnaire found to be most suitable from the studies reviewed

was the 3-month recall physical-activity questionnaire developed for the Auckland

Heart Study (AHS) (Appendix l) (Jackson 1989). This questionnaire took aspects

from previously validated questionnaires and assessed all types of activities.

Therefore, total energy expenditure could be estimated. Although it had not been

validated in primary care, it had been validateci amongst a large randomly selected
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sample (n=ll3) from a New Zealand population of adults (Arroll, Jackson et al.
1991)' The validity study used a variety of statistical tests to assess validity, and levels
of validity were good, when compared with an activity diary. Details of this
questionnaire are included in Chapter 3.

A second questionnaire was chosen because it had been used in primary care in the
original Green script Srudy (GSS) (Appendix 2) (swinburn, walter et ar. lggg). This
questionnaire was short and could be adapted to estimate total energy expenditure.
Although it had been used in primary care and found to be reliable, it had not been
validated in that context' A description of the reliability and validity study of these
questionnairs in primary care is described in chapter 3. The AHS physical-activity
questionnaire was subsequently chosen to assess physical activity in the Green
Prescription cluster randomised controlled trial conducted for this thesis.

2-4 systematic Review of physicar Activity Intervention Trials in
Primary Health Care

2.4.1 Introduction

Previous systematic reviews, evaluating the effectiveness of community-based
Iifestyle interventions, including physical activity interventions, for primary disease
prevention have identified few well-designed studies (Hillsdon and Thorogood 1996;
Ebrahim and Davey-Smith lggg). where benefit has been shown long-term, this has
been minimal compared with pharmacological interventions (Ebrahim and Davey-
smith 1999)' The aim of this section of the literature review was to focus on physical
activity counselling interventions in primary health care. In particular, the review
addresses the following questions:

o What is the evidence for the effectiveness of physical activity counselling in
primary health care for prirnary disease prevention?

o Have previous systematic reviews answered this question
was the varidity and quality of their research questions,

evaluation?)

adequately? ffiat
methodology, and
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Are any additional studies available that add to the findings of previous

systematic reviews?

2.4.2 Methods

2.4.2.1 Search Strategy

A literature search was carried out using the databases and key words outlined in

Table 2-3. Researchers in the area of physical activity promotion were asked about

other on-going or completed trials. References of individual studies and systematic

reviews were examined to locate any further studies.

Table 2-3 Literature Search Strategy of Electronic Databases, and Subject
Headings used to locate Trials and Systematic Reviews of Physical Activity
Counselling in Primary Health Care

Databases Physical activity Health promotion

subject headings subject headings

Primary health care

subject headings

Medline (1966 -zmD Exercise Patient education

Embase Physical fitness Health promotion

Psychlit (now Psycinfo) Leisure activities

Sportdiscuss Exertion

Best Evidence

Cinahl

Cochrane database of

systematic reviews

Primary health care

General practice

Family practice

2.4.2.2 Inclusion Criteria

Systematic reviews of controlled trials of lifestyle interventions including physical

activity advice in health care settings directed towards adults were included in the

analysis. Inclusion criteria for the search for any additional, or more recent, primary

studies were determined separately. These criteria include controlled trials of lifestyle

interventions for primary prevention in primary health care, involving adults, with
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physical activity as a component of the intervention as well as an outcome measure.

Only papers published in English up until the end of 2002 were examined.

2.4.2.3 Data Abstraction

Titles and abstracts were reviewed by the author and the full papers of those likely to

fulfill inclusion criteria, retrieved and read. Those fulfilling inclusion criteria were

examined and their quality assessed by the author. Systemic reviews were examined

for several characteristics. These characteristics included review question(s), inclusion

and exclusion criteria, search strategy employed, and data abstraction methods. The

reviews were also examined for assessment of heterogeneity and appropriateness of

analysis, methods used for quality assessment of each trial and results of those

assessments, findings from short-term and long-term trials, overall conclusions, and

recommendations. Information about study design, nature of the intervention,

outcome measures and results were abstracted from primary studies.

2.4.2.4 Critical Appraisal

Results of previous systematic reviews were critically appraised with respect to the

quality of the review. Assessment of quality was based on criteria from the literature

(Guyatt and Drumrnond 2002). In particular, each review was assessed by considering

the following questions:

l. Did the review address a sensible clinical question, using appropriate inclusion

criteria?

2. Was the search strategy detailed and exhaustive?

3. Was data abstraction appropriate? (e.g. how many reviewers?)

4. Were the studies assessed for quality?

5. Was heterogeneity assessed?

6. Were results interpreted appropriately?

Results from primary studies identified were critically appraised with respect to their

quality, based on a validated system used in the literature (Schulz, Chalmers et al.
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1995; Khan, Daya et al. 1996). This system is consistent with the Jadad system of
grading the reporting of controlled trials on the basis of whether they were described
as randomised and double blind, and whether there was a description of withdrawals
and drop-outs (Jadad, Moore et al. 1996). The specific criteria used in this review of
the literature included the following:

l' was randomisation adequate?(concealment of treatment allocation, generation
of allocation sequence)

2' were all enrolled participants included in the analysis according to allocation
of intervention ? (intention_to_treat analysi s)

3. Was blinding adequate or appropriate?

2.4.3 systematic Reviews Identified and criticar Appraisal

Eight systematic reviews were identified (Ashenden, silagy et al. 1997; Ebrahim and
Smith 1997: Eaton and Menard l99g; Simons_Morton, Calfas et al. l99g; Eakin,
Glasgow et al. 2000; Lawlor and Hanratty 2001; Eden, orleans et a:.2ffi2; petrella
and Lattanzio 20o2). The description and critical appraisal of each review are
presented in Table 2-4.

The first systematic review of randomised trials of lifestyle advice in primary care
settings concluded that both brief and intensive advice were effective short- and long-
term (Ashenden, silagy et al. 1997). However, some of the trials included in this
review were of multicomponent interventions so the effective component could not be
isolated' The positive health outcomes of some trials could not necessarily be
attributed to physical activity advice, as several interventions also included dietary
and other advice (Anonymous 1994; Graham_Clarke and Oldenburg 1994). In
addition, the review included studies conducted solely with patients with previous
cardiovascular disease (cupples and McKnight 1994) or at high cardiovascular risk
(Graham-Clarke and Oldenburg Lgg4). Some srudies that were included in the review
were not randomised trials and did not analyse according to intervention allocation
fl-ogsdon, Lazaro et al. 1989)' Allocation was not concealed and assessment was not
blinded in the studies. Accommodation, and regression to the mean, of blood pressure
was not taken into account in the design of one trial (Anonymous 1994;Anonymous
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1995)' Accordingly, the positive findings of this systematic review must be taken with
caution.

The systematic review of Ebrahim and Smith (rgg7) was not explicit about the review
question, data extraction or quality assessment. The authors reviewed only
randomised controlled trials, but included workprace trials as well as primary care
trials @brahim and smith lggT)- They also included all lifestyle inrervenrions and
used health measures as outcomes rather than physical activity, so again, relevance of
the findings is limited. Positive health outcomes were found by the meta-analysis,
including change in blood pressure (even after exclusion of trials that incorporated
pharmaceutical treatment), choresteror revers, and smoking rates. However, the
authors still concluded that the effectiveness of health education to prevent heart
disease is in doubt because no difference in mortality could be detected. As the
maximum follow-up period was five years, and many studies included patients at low
risk in primary prevention trials, this was not surprising. It was evident, however, that
the magnitude of change was a lot smaller than with pharmaceutical interventions.
cost-effectiveness studies and longer follow-up of trials may help assess the
comparative worth of such interventions more appropriately.

The systematic review by Simons-Morton and colleages (lgg7) included studies with
physical activity as an outcome measure, but still included multi-component
intervention trials in all clinical settings (simons-Morton, calfas et al. l99g).
Therefore, the conclusion that physical activity can be increased by primary care
interventions still does not answer whether physical activity counselling is effective in
primary care' The authors also note the many methodological problems with existing
trials' They recommend that more randomised trials be conducted that achieve high
follow-up rates and include minority groups and both genders. They also stress the
need for cost-effectiveness analyses, and research into the dissemination and
implementation of the initiatives (ibid).

The systematic review by Eaton and Menard (1998) was very thorough and limited
the review to studies in primary care (Eaton and Menard lggs). The authors found
many studies were of poor quality and attained low follow-up rates. Therefore,
although at least half of the trials had positive results, both short and long-term, the
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authors conclude that scientific evidence of efficacy is limited and any effects are
modest (ibid).

The systematic review by Eakin and colleagues (2000) focussed on investigating
which strategies are most effective in primary health care to improve physical activity
Ievels @akin, Glasgow et al. 2000). Although the authors found that particular
strategies were effective for short-term gain, the opposite was sometimes the case for
long-term gains' overall, it seemed that interventions that used behavioural
approaches were generally as effective as those that did not, and there was no obvious
difference in the effectiveness between interventions delivered by ctinicians compared
with those delivered by non-clinicians. However, the diversity of study designs
precluded any comprehensive comparison of strategies. The authors also scored the
studies with respect to whether they fulfilled the criteria of the RE-AIM model (reach,
efficacy, adoption, implementation and maintenance). However, few studies assessed
reach, adoption, implementation or (rong-term) maintenance (ibid).

The systematic review by Lawlor and Hanratty (2001) focussed on primary care
physical activity interventions within the usual consultation. The review was of good
quality and assessed the quality of studies according to validated criteria (schulz,
chalmers et al' 1995). These criteria included adequacy of concealment of allocation
of randomisation (and whether this was stated or not), the randomisation process,
exclusions after randomisation, and double blinding. The authors concluded that
effectiveness of physical activity promotion in primary care is ..modest at best,,
(Lawlor and Hanratty 2001).

The next systematic review included studies of physical activity counselling by
primary or secondary care physicians, that assessed physical activity, fitness, or health
outcomes (Petrella and Lattanzio 2002). This review identified l3 randomised and
non-randomised controlled trials. Most were short-term and many involved
progranmes addressing other risk factors in addition to physical inactivity. Many
interventions used behavioural theories, such as the transtheoretical model, or social
cognitive theory' However, those without a behavioural theory base were just as likley
to show positive outcomes. The authors of this review found that while there was
evidence of short-term physical-activity behaviour change, evidence for long-term
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change and cost-effectiveness was limited. More investigation was recommended to
clarify this and ro ascertain the generarisability of the findings (ibid).

The most recent systematic review assessed physical activity counselling by clinicians
in primary health care @den, orleans et al.2o02). The inclusion criteria differed from
previous reviews in that only studies that involved physical activity counselling which
was at least in part delivered by the primary care clinician (doctor or nurse) were
included' The review also aimed to assess which interventions were most effective
and what risk of harm was associated with the interventions. Studies were ranked on
the basis of the us Preventive services Task Force current methods for assessing
quality of studies and admissible evidence for making recommendations (Harris,
Helfand et al' 2001)' seven randomised controlled trials and one non-randomised
controlled trial met the inclusion criteria, representing 9,054 adult study participants.
only one trial assessed harm (The writing Group for the Activity Counseling Trial
Research Group 2001). This study did not have a 'usual care' control comparison, so
it is difficult to assess the risk of harm due to physical activity counsblling. The
review also assessed the efficacy of interventions compared with usual care controls
(six trials), separately from interventions that were compared with other interventions
(two trials)' The results were mixed and often associated with poor adherence,
although it seemed that in certain circumstances, physical activity counselling was
effective' There were also short-term trials and methodological flaws with many of
the studies' Because of these methodological difficulties, the authors of the review
were unable to assess the efficacy or effectiveness of the interventions to be able to
generalise to primary health care.
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2'4'4 Identification and Critical Appraisal of Additional physical Activity
Intervention Trials in primary Health Care

The literature search using the strategy described in Table 2-3 revealed over 900
studies, of which 31 primary studies fulfilled the inclusion criteria. All studies excepr
four @ubbert, cooper et al.2}o};Green, McAfee et al. z}}ziHillsdon, Thorogood et
al' 2002; Pinto, Friedman et al. 2002) had been reviewed by previous systematic
reviews' A summary of the design, findings and critical appraisal of these studies are
presented in Table 2-5.

The first srudy (Hillsdon, Thorogood et al,2C/|j2) found that physical activity advice
in primary health care was not effective. However, the zelen technique of
randomising those who completed a physical activity questionnaire, prior to consent,
contributed to the poor 'follow-up' rate. This was because those who did not consent,
as well as the large number who were lost to follow-up, were all included in the final
analysis' As such only 32vo of the 'brief negotiation' intervention participants and
33vo of the 'direct advice' participants, who had been randomised, finished the study.
Any increases in activity were well diluted, using an intention-to{reat analysis. This
is demonstrated by the large difference in effect found when only those who
completed the trial were included in the analysis. Although intention-to-treat analysis
is the most appropriate method, trials that have 32-332o follow-up rates have
questionable validity and risk a type two error (missing an effect that exists).

The second study included a computer-based telephone intervention, but recruited
from a multi-site medical practice, presumably including family practitioners @into,
Friedman et al- 2o02). The authors reported positive effects at three months. However,
this outcome was the proportion that had met recommended levels of physical
activity' There was no difference in energy expenditure using the appropriate
intention-to+reat analysis' There was also no significant difference in any physical
activity outcome at six months follow-up. Although this study had good follow-up
rates (>807o), only 35vo of eligible responders participated in the study. This study
differs from previous ones in that none of the counselling was delivered in the
practice and may therefore have limited relevance to physical activity counselling by
clinicians in primary care practices.
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The next study aimed to assess the effect of different levels of follow-up support in
the srEPS physical activity intervention to increase walking amongst the elderly
(Dubbert, cooper et al. 2002). All participants received brief physical activity advice
from the nurse. The control group received no further follow-up. The two intervention
arms received either 20 follow-up telephone calls from the nurse or l0 from the nurse
and l0 automated motivational calls. All groups increased walking over the 12
months' There was no significant difference between the nurse-only intervention
group and the control group. However, the intervention that involved automated
motivational calls in addition to nurse calls did produce positive self-reported physical
activity outcomes compared with those of the control group. No other significant
differences in health related variables or fitness were detected between the groups.
The study was well designed and used a modified intention-to-treat technique for
analysis (although those who did not attend follow-up (llvo) were nor included in the
analysis, which may have overestimated the effect) @ubbert, Cooper et al. 2002). The
lack of a true control group (that received no physical activity advice) limited the
ability of the sudy to demonstrate physical activity, fitness, and health effects of the
physical activity programme (although all groups improved fitness from baseline). It
was interesting to note that the inclusion of l0 'automated' follow-up telephone calls
interspersed with l0 personalised follow-up calls achieved achieved a positive
outcome, whereas 20 personalised follow_up calls did not.

In the fourth study, 62vo of enrolled intervention patients refused the intervention
(Green, McAfee et ar. 2002)- Atrhough the follow-up rare was very good (grvo
overall, including Sovo of patients randomised to intervention), most intervention
participants had not received the intervention. Therefore, heatment effect was likely
to be diluted, as the increase in treatment effect with analysis of those who received
the intervention only, demonstrated. Statistically significant increases in physical
activity scores were found at follow-up amongst intervention patients compared with
control patients adjusting for baseline (p<0.05). However, the baseline physical-
activity levels were not balanced and were quite a bit lower in the control group than
the intervention group. There was no significant difference when 'change in activity
score' was the efficacy variable' (A statistically significant d.ifference was found only
when thosc who did not receive the intervention were excluded.) A strength of this
study was the blinding of activity assessment,
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2.4.5 Discussion of the Review

The evidence for the effectiveness of physical activity counselling interventions in primary
health care is inconclusive. Although there are indications that such interventions are
effective short-term, studies of at least 12 months are needed to establish long-term
effectiveness' In addition, most studies had methodological limitations. There is also a lack
of evaluation of such interventions amongst lower socio-economic and minority groups, and
few studies assessed .harm' 

or cost effectiveness.

overall, most of the systematic reviews were of high quality. The specific conclusions drawn
by each systematic review appeared to depend on the inctusion criteria set for the review.
The final systematic review was of very good quality and had inclusion criteria most relevant
to the trial presented in this thesis (Eden, orleans et 

^1.2w2). 
The conclusion of this review

was that evidence is inadequate to conclude whether physical activity counselling by health
professionals in primary health care is effective. There is no strong evidence to suggest that
physical activity interventions delivered by health professionals are any more effective than
those delivered by other professionals in primary care (Eakin, Glasgow et al. 2000). while
one review suggested that behaviourally-based interventions and continued follow-up may
help the effectiveness of interventions, (Simons-Morton, Calfas et al. l99g) another review
found no evidence to support this conclusion (Eakin, Glasgow et al. 2000). However, the lack
of standardised protocols of the studies makes it difficult to assess the effectiveness of certain
aspects of the intervention.

The four additional primary care studies that were reviewed above did not change the
conclusions reached by previous systematic reviews, that evidence is inadequat€ to assess the
effectiveness of physical activity counselling in primary care. primary care clinicians were
not the ones to deliver the intervention in three out of the four additional studies. The study
that used a nurse and automated system to deliver the intervention demonstrated some
increase in a physical activity parameter (Dubbert, Cooper et al. za1z). However, the nurse
intervention without the automated system did not. The intervention was delivered at the
practice in only one study (Hillsdon, Thorogood et al. 2002). Recruitment rares were
sometimes very low (e.g.35vo) (Pinto, Friedman et aI. 2002). Follow-up rate was very low in
another study (32-337o) (Hillsdon, Thorogood et al. 2002).The rate of intervention patients
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receiving the intervention was very low in yet another study (3g7o) (Green, McAfee et al.
2002)' The positive effect found in the latter study can not be relied upon because
comparison of follow-up values were used, yet baseline values were not balanced (Green,
McAfee et al' 2002). Again, the design, the poor participation rates, and other
methodological issues, limited the ability of these studies to detect a positive effect.

The current review of the literature has several potential limitations. Firstly, not all original
trials were reviewed because this had been done several times previously. Considering the
results of trials published since the last systematic review along with the conclusion reached
by previous systematic reviews is not the same as considering all trial results together. In
addition, the review only included published trials. However, there is evidence to suggest that
the inclusion of unpublished trials may lower the estimate of treatment effect, particularly in
meta-analyses @gger, Juni et al. 2003). Therefore, the inclusion of unpublished trials, is
unlikely to have changed the findings from the current review.

Only studies published in English were included in the reviews. This may have resulted in a
conservative bias' A review of meta-analyses has shown that studies published in languages
other than English were more likely to have been of lower quality and more likely to have
shown a positive effect (Egger, Juni et al. 2003).

The US Preventive Services Task Force (USPSTF) made their recommendations on the basis
of the most recent systematic review @den, Orleans et al.2O02). In particular, ..the USpS'I'f
found insufficient evidence to determine whether counselling patients in primary care
settings to promote physical activity leads to sustained increases in physical activity among
adult patients" (U. S. Preventive Services Task Force 2002). These recommendations have
also been published in the American Famity Physician (Anonymous 2002). studies published
after the systematic reviews do not change this concrusion.

However, the USPSTF also concluded that "multicomponent interventions combining
provider advice with behavioural interventions" appear the most promising (U. S. preventive
services Task Force zwz). These interventions often include, "patient goal-setting, written
exercise prescriptions, and individually tailored follow-up assistance provided by specially
trained staff'(u. s- heventive services Task Force 2002).
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Therefore' it is clear that further randomised controlled trials are needed to help ctarify the
issue' Ideally, the study should have a high recruitment and follow-up participation rate,
involve a diversity of regional, socio-economic and cultural populations, and include
assessments of cost-effectiveness and 'harm,, as well as ,benefit,.

The randomised controlled trial of the Green Prescription intervention in primary health care
conducted for this thesis, was designed to add to this literature. In particular, the present
author aimed to conduct a high quality trial, involving a wide range of general practices and
patients, from different regional, socio-economic, and ethnic backgrounds. Recruitment and
follow-up methods that improved recruitment and follow-up rates were planned to maximise
participation rates and generalisability of the findings. The trial was also designed to include
assessments of potential adverse effects, as well as physical activity and health benefits.
Lastly' a cost-effectiveness evaluation was designed prospectively, alongside the randomised
controlled trial' A systematic review of cost-effectiveness studies of physical activity
interventions in primary health care is presented in the next section of this chapter to
demonstrate existing evidence and methods used by previous studies.

2'5 Systematic Review of Cost-Effectiveness Studies of physical Activity
Interventions in primary Health Care

2.5.1 Introduction

significant economic savings could be made if a larger proportion of the population became
active' These savings could be achieved in both direct health care costst and indirect costs in
terms of prolonged productivity, as a result of decreased morbidity and mortality, particularly
due to cardiovascular disease. In 1987, it was estimated that if an addition al rIvoof the New
kaland population increased their activity to recommended levers , $24.75 million per year
could be saved in direct and indirect costs (Russel, worsley et al. l9g7). This figure was up-
dated to $55 million per year by a report commissioned by the Hiltary commission in 1990s
(Hillary commission 1998)' Another study estimated a saving of $4g million if the Stvo of
the population that were sedentary (being active for less than 3 hours per day) was reduced to
Zl%o (Jensen, Sullivan er al. 1993).
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However, the cost of increasing physical activity levels amongst sedentary individuals needs
to be considered in order to assess the cost-effectiveness of promoting physical activity. As
mentioned in the previous section, there are few assessments of cost-effectiveness of physical
activity interventions for adults in primary health care. This systematic review was carried
out to answer the following questions:

o what is the cost-effectiveness of physical-activity interventions based in primary health
care?

r What is the quality of the studies conducted to date?

The systematic review was also carried out to identify
comparators to the Green prescription intervention in
thesis.

appropriate interventions to use as

the cost-effectiveness study of this

2.5.2 Methods

2.5.2.1 Search Strategt

A literature search was carried out in several databases. The strategy used is described in
Table 2-6' searching article references and hand searching was also used. Nine papers were
identifi ed, representing eight economic studies.

2.5.2.2 Inclusion Criteria

studies were included if they were economic analyses of lifestyle interventions that included
physical-activity advice, designed for adults, and were based in primary care. only cost
analyses conducted in association with lifestyle intervention trials were included. Economic
analyses based on surveys or non-experimental stud.ies, or theoretical studies, were excluded.
Only studies published in English were included.

2.5.2.3 Data Abstraction

Data were abstracted on the study population, intervention, design, outcome measures.
results, and quality of the study. Full papers were reviewed.
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Table 2-6 Literatualeargh strategr of Electronic Databases, and Subject Headingsused to locate cost-Effectiveness stuaies of Physical Activity rnterventilns in primary
Health Care

Databases Physical activity

subject headings

Cost-effectiveness

headings

Primary health care

subject fuesdings

Medline (1966 -2002)
Embase

Psychlit (now Psycinfo)

Sportdiscuss

Cinahl

Cochrane database of
systematic reviews

Exercise

Physical activiry

Fitness

Physical fitness

Exertion

Economics

Health economics

Cost minimization
analysis

Cost benefrt analysis

Cost effectiveness
analysis

Cost utility analysis

Health care costs

Costs and cocts
analysis

Primary health care

General practice

Family practice

Primary medical care

2.5.2.4 Critical Appraisal

A quality checklist for health economics studies has been published previously @rummond
and Jefferson 1996)' The critical appraisal undertaken of the papers in the systematic review
of this thesis' is based on Drummond's checklist and includes the following aspects:

L Study design:

o There is a clear research question and the economic importance is discussed.

r The viewpoint of the analysis is stated and justified,

o The choice of comparative programmes is explained.

Z. Data Collection:

r The sources of economic information are stated.

The details of the design and results of the effectiveness study are available,

Primary outcome measures, and the methods used to value health states, are explicit,

Producti vity changes are reported separately.
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o Quantities and unit costs are reported and the method for estimating these is explained,

o cunencies, adjustrnents for inflation, and cunency conversions, are reported,

3. Analysis and Interpretation:

' The time horizon of costs is expticit and appropriate discount rates used.

o Effectiveness of the intervention has been demonstrated,

o statistical tests and confidence intervals, where appropriate, are reported,

o Appropriate sensitivity analyses are carried out

o Relevant altemative programnnes are compared,

o Incremental analyses are reported,

r The study question is answered and conclusions are appropriate

2.5.3 Studies Identified and Critical Appraisal

Table 2-7 includes the nine papers that fulfilled the inclusion criteria. The frst five papers
include cost analyses of lifestyle interventions that include physical activity advice. The other
four papers include cost-analyses of physical activity interventions.
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2.5.4 Discussion of the Review

The variability of outcome measures, research designs, and time spans, makes comparison of
cost-effectiveness of interventions difficult. However, when considering studies with similar
outcome measures' the British family heart study intervention was slightly more cost-
effective than the Oxcheck study intervention (Wonderling, Langham et al. 1996). A
primary-care-based nurse-led exercise intervention was more cost-effective at preventing
falls in the elderly than the community-based nurseled intervention, but less effective at
preventing injuries or hospitalisation (Robertson, Devlin et al. 2001; Robertson, Gardner et
al' 2001)' When considering the interventions that did have an effect, the cost effectiveness
ratios for Iife years gained were comparable to other interventions (Wonderling, Langham et
al' 1996). This was particularly so if it was assumed that 'benefir' would continue at similar
rates over time. However, these interventions involved multiple components, including
increased medication use, so these conclusions may not be relevant for physical activity
counselling, alone. It does appear, however, that exercise promotion to prevent falls in the
elderly, is relatively cost-effective when compared with other interventions (Robertson,

Devlin et al. 2001).

In one study, the costs associated with small increases in physical activity seemed large
(UK€650 to move one person out of the sedentary category) (Srevens, Hillsdon et al. l99g).
However, the range of health benefits that may accrue from increased physical activity may
make such an intervention seem more cost-effective. Unfortunately, the number of potential
benefits from exercise, and the time required to observe long-term benefits, make such cost-
effectiveness difficult to demonstrate within a randomised controlled trial context.

The quality of the studies in this systematic review was variable. Only three studies were true
'cost-effectiveness' studies (Wonderling, Langham et al. 1996; Salkeld, phongsavan et al.
1997; Robertson, Devlin et al. 2001). only two of these were valid because one study
conducted a cost-effectiveness analysis despite no statistically significant effect being
demonstrated during the accompanying randomised controlled trial (Salkeld, phongsavan er

al' 1997), which should have precluded cost-effectiveness analysis @rummond, O,Brien et
al.1997).
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'Cost-effectiveness' evaluations of programmes involve the comparison of two or more
alternative programmes (Drummond, O'Brien et al. LggT). Some would argue that
comparison of the costs and effects of a programme compared with 'usual care, is a cost-
effectiveness evaluation. However, when estimating the costs (and cost-effectiveness ratios)
associated with a prograrnme, including health-care savings, incremental costs are used
(costs with the programme minus costs of 'usual care'). If the incremental costs per outcome
are described without the comparison of another prograrnme, then this analysis is referred to
as 'cost-outcome' study, not a 'cost-effectiveness' study (Drummond, O'Brien et al. 1997).

Four studies included 'cost-outcome' analyses, by calculating cost-effectiveness ratios of
intervention compared with control groups (Langham, Thorogood et al. 1996; Wonderling,
McDermott et al. 1996; stevens, Hillsdon et al. 1998; Robertson, Gardner et al. 2001). Two
studies were 'cost descriptions' eg. (o'Neil, Normand et al. 1996; Moffett, Torgerson et ar.

1999)' These studies only presented costs and overall outcomes, but did not presenr cost per
unit outcome (Drummond, O'Brien et al. 1997).

The two studies by Robertson and colleagues, used falls and admissions prevented as their
efficacy variables (Robertson, Devlin et al.200l; Robertson, Gardner et al.200l).
Consequently, the cost per increase in physical activity outcome could not be estimated.

In fact, cost per unit of physical activity gained was reported only in one of the economic
analyses included in the present systematic review (Stevens, Hillsdon et al. 199g). Therefore,
this was the only study that could be used as a comparative study for the present thesis, if the
cost of increasing physical activity is used as a cost-effectiveness outcome measure. Even so,

the physical activity outcomes, used by Stevens and colleagues, were categorical. Cost-
effectiveness ratios were presented as the cost of moving one person out of a sedentary group
and cost of moving someone to the recommended level of activity. Consequently, the cost-
effectiveness ratios for the continuous physical activity variables measured in this thesis,
could not be compared with those of the Stevens study, although the categorical data could
be compared.

Therefore' another study was located to provide a further comparative prograrnme for the
continuous physical-activity outcome measures from the Green prescription study. This
study was community-based rather than based in primary health care. The study chosen was
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a community-based study of two physical activity interventions (hoject Active) that used

similar outcome measures of effectiveness and cost-effectiveness to the Green prescription

evaluation presented in this thesis (sevick, Dunn et al. 2000).

This systematic review found few cost-effectiveness or cost-outcome studies of lifestyle
interventions, including physical activity counselling, conducted in primary health care. The
cost per unit increase in physical activity has not been estimated. Furthernore, none of the
studies assessed physical activity interventions initiated during everyday consultations by
usual clinicians. The cost-effectiveness analysis presented in this thesis was designed to
address these issues. The methods used in this analysis are described in Chapter 3, section
3.4.

2.6 Rationale for the cluster Randomised controlled rrial Design

2.6.1 Introduction

This section describes the rationale behind choosing a cluster randomised controlled trial to
assess the effectiveness of the Green Prescription intervention in general practice. Issues

associated with conducting such trials in a community setting are discussed.

2.6.2 Randomised Controlled Trials

Randomised controlled trials are justified where there is uncertainty about the treatment
effect of an intervention. The US National Institutes of Health describe the clinical trial as

"the most definitive tool for evaluation of the applicability of clinical research." It represents

"a key research activity with the potential to improve the quality of health care and conhol
costs through careful comparison of alternative treatments" (Friedman, Furberg et al. l9g5).
If the only difference between a control and an intervention group is the intervention,
outcome differences over time are likely to be due to the intervention.

"Randomisation tends to produce study groups comparable with respect to
known as well as unknown risk factors, removes investigator bias in the
allocation of subjects, and guarante€s that statistical testJ will have valid
significance levels." (Friedman, Furberg et al. l9g5)

The randomisation process should be carried out independently, preferably by computer
generated random sequence. Allocation of randomisation should not be known until after
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study participants are enrolled, to avoid selection bias. It has been found that heatment
effects and odds ratios can be exaggerated by as much as 4IVo if randomisation of
participants is not carried out correctly (Schulz, Chalmers et al. 1995). Randomised

controlled trial designs have been recommended as the most appropriate design to use for the

evaluation of physical activity interventions in primary care (Iliffe, Tai et al. 199411.

Consequently, a randomised conholled trial design was selected as the study design to assess

the effectiveness of the Green prescription intervention.

2.6-3 Methodological Issues of Lifestyle rntervention Trials

2.6.3.1 Rationale for Community-based Triats

Lifestyle interventions have been developed to prevent diabetes, cardiovascular and other
diseases. Well-designed randomised controlled efficacy trials have demonstrated that
lifestyle interventions, such as dietary and physical activity progr:mlmes, can reduce risk and
progression to disease (Anonymous 1997; Halbert, Silagy et al. Iggg: Knowler, Baryett-

Connor et al. 2O02; Whelton, Chin et al. 2002). On the basis of this evidence, lifestyle
interventions have been introduced into general practice, and are assumed to be effective,
although this may not be the case (Tai, Gould et al. 1997; Hillary Commission l99g; Moore,
Summerbell et al. 2001). The effectiveness of these interventions may be very different in
everyday general practice compared with strictly controlled efficacy trials. Thus, there is a
need to evaluate effectiveness in real-world circumstances, with usual general practitioners or
nurses delivering the intervention in everyday consultations. However, exporting randomised

controlled trial methodology to community or every-day primary care consultations raises

methodological issues that threaten the validity of results. These issues, and techniques to
reduce potential bias, should be considered when designing lifestyle intervention trials in
primary health care (Moore, Summerbell et al. 2001). A discussion of these issues and

techniques is presented below.

2.6.3.2 Rigour of Lifestyle Intemention Evaluation

The quality of studies, designed to evaluate effectiveness of lifestyle interventions in
community or heall'h care settings, has often been low. Yet a randomised controlled trial
design is recommended for lifestyle intervention studies, to reduce potential bias (Tai and
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Iliffe 2000). However, a minority of lifestyle intervention evaluations in community and

primary care settings have been randomised controlled trials (Riddoch, Puig-Ribera et al.

1998). A review of all published articles in the British Journal of Sports Medicine from l99l

to 1995 revealed that only 3Vo of articles reported studies that had used a randomised

controlled trial design (Tai and lliffe 2000). Exercise intervention studies have tended to use

before-after comparison or' uncontrolled' trial designs.

Intention-to-treat analysis refers to the analysis of outcomes of all participants originally

enrolled in the study, according to their allocation of randomisation, regardless of compliance

(Hollis and Campbell 1999). If some participants fail to complete the study, actual or

estimated outcomes are allocated to them. If outcomes are estimated, a conservative

assumption should be made, such as assuming 'no change' from baseline, or assuming a

change equal to the mean change of the control group. Intention-to-treat analyses are

employed to reduce the bias associated with analysing only results from participants that are

'compliant' with the intervention and study protocol. In addition, those who do not complete

the study may differ in some systematic way to those who do complete the study. If those

who do not complete the study are excluded from analysis, this may bias the results and limit

the generalisability, or external validity of the results.

However, intention-to-heat analyses are often not conducted in physical activity-intervention

trials. For example, intention-to-treat analyses were not conducted in any of the eight

randomised conholled trials of exercise and osteoporosis reviewed by Block (1997). The

intention-to-treat approach is more important for pragmatic trials of effectiveness than trials

of efficacy, as such an approach estimates the overall effect within a population (Hollis and

Campbell 1999).

2.6.3.3 Contamination of Intemention and the Cluster Design

There is a risk of contamination of the intervention to control groups within non-blinded

randomised controlled trials in community or health care settings, when individual

randomisation is used. Contamination will dilute the demonstrated effect, which may lead to

a type 2 error (finding no effect when one exists). Estimating the extent of contamination and

inflating the sample size accordingly has been recommended, to counteract the potential

'dilution' of effect (Slymen and Hovell 1997;Torgerson 2001). Although a formula has been
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developed to inflate the sample size for an individually-randomised trial, this formula
assumes that the proportion of control pafticipants that are 'contaminated' by the intervention
can be accurately estimated. Levels of contamination are rarely measured, and are difficult to
predict' In a review of cancer trials using individual randomisation and the Zelen,s
techninique, Torgerson found that an average of l87o (range r0zo-36Vo)of patients chose to
swap from one treatment arrn to the other (Torgerson 2001). He uses this figure to estimate
the range of likely contamination in an individually randomised trial. However, volunteering
to swap from one treatment arm to another is not the same as control patients being exposed
to the intervention.

Contamination may arise from communication between intervention and confol patients in
the waiting rooms of general practices, for example. Patients cannot usually be blinded to the
intervention and yet have a high chance of having contact with control patients, passing on
information from the intervention, causing 'contamination of intervention, by patients
(Edwards, Braunholtz et al. 1999)' concern amongst control patients who believe they are
"missing out" could also influence behaviour change within the control group and alter the
study outcome.

Furthermore' it is difficult for health-providers to turn on and off the delivery of advice to
patients, depending on their individual randomisation to intervention or control.
consequently, there is a high likelihood of 'contamination of intervention, to control patients
by health providers who are delivering the intervention to others within a trial. Alternatively,
asking the provider not to deliver the advice may alter'usual care', as some lifestyle advice
may traditionally be part of .usual practice'.

The other option, to reduce the risk of contamination, is to use a cluster randomised
controlled trial design.

"A cluster randomisation trial is one in which intact social units, or clustersof individuals, rather than individuals themselves, are randomised to
different intervention groups" (Donner and Klar 2000)

Thus, randomising at a goup or cluster level is also recommended when delivery of an
intervention is likely to affect others within the cluster (campbell and Grimshaw l99g;
Edwards, Braunholtz et al. 1999; Eccles, Grimshaw et al. 2000). However, using a cluster

85



randomised controlled trial design requires sample size inflation to overcome the loss of
statistical power' associated with randomising by practice, rather than individual. (This is
discussed in more detail in the next sub-section.) If the inflation required due to clustering is
less than the inflation required to counter contamination in an individually-randomised trial,
then a cluster randomised trial would be more cost-efficient (Slymen and Hovell 1997;
Torgerson 2001).

There are other reasons for using a cluster randomised design, besides risk of contamination.
If the intervention involves, for example, education of practitioners, but outcomes rue
measured at the patient level (e-g. (Kerse, Flicker et al. 1999)), then a cluster design is
practical' When the intervention is delivered at a group level, a cluster randomised design is
also sensible, such as class-based educational interventions. Cluster randomised controlled
hials are being used increasingly where delivery of an intervention is at a group tevel (Raab
and Butcher 2001; Yudkin and Moher 2001).

A cluster design may also be used when there is a risk of infection and re-infection due to
proximity of patients randomised to control or intervention group (Donner and Klar 2000).
For example, if a trial were being carried out for a treatrnent for headlice, randomisation by
class would be sensible to avoid reinfection of intervention patients by control patients.

2.6.3.4 MuhilevelAnalysis

There are methodological issues to consider when using a cluster randomised design, rather
than an individually-randomised design. Taking the effect of the practice into account during
analysis allows for the group effect of the intervention (Campbell, Mollison et al. 2000).
Patients within one practice, as members of a group, are more likely to share similarities,
compared with patients from different practices. This is because members both influence, and
are influenced by, group membership (Goldstein, Pinto et al. 1999). Furthermore, although
randomisation is at the group level, outcomes are measured at the individual levet (Sashegyi,
Brown et al' 2000) (Wood and Freemantle 1999). Therefore, two traditional assumptions of
randomised controlled trials are violated. These two assumptions include firstly, that ail
individuals are independent, and secondly, that analysis is at the level of randomisation (Sir
Ronald Fisher, 1935) (Donner and Klar 2000). It is therefore necessary ro compensate for the
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corelated nature of the data (clustering) by inflating sample size and using statistical
methods of analysis that account for clustering.

2.6.3.4.1 Sample Size

Responses to interventions, as well as health and demographic variables, tend to be more
similar within practices than between practices (Campbell, Mollison et al. 2000; Moore,
summerbell et al. 2001). Accordingly, statistical power is reduced by the lack of
independence of individual responses, within clusters. The sample size needs to be inflated to
compensate for the dilution of statistical power. A statistical measure of the interdependence
within each cluster is the intra-class correlation coefficient (ICC). The ICC can be used to
calculate the sample size inflation factor required, referred to as the design effect (campbell,
Mollison et al. 2000).

The design effect of cluster-randomised trials is the ratio of the total number of subjects
required using cluster randomisation to the number required using individual randomisation.
(Kerry and Bland 1998) The design effect (d.efr) can be calculated for different outcome
variables using the equation d.eff= I + (m-l) x ICC, where m is the cluster size. Sample size
is then inflated accordingly (ie. simple random sample size x d"ff=adjusted sample size).

Appropriate sample size calculation requires estimation of intra-class correlation coefficients
obtained from previous reseiuch. Publication of intra-class correlation coefficients from
cluster-randomised trials has been recommended (Donner, Brown et al. 1990; Kerry and
Bland 1998).

2.6.3.4.2 Analysis of Results

In general, the variance within groups randomly drawn from the total population is assumed
to be random' If members of a sample are drawn in clusters from the population then this
variance is not necessarily random (Campbell, Mollison et al. 2000; Raab and Butcher 2001).
Consequently, the effect of clustering should also be taken into account during analysis
(Bland and Kerry 1997; campbell, Mollison et al. 2000). whereas point estimates of each
cluster were estimated in the past to produce values for analysis, complex statistical models
now take into account individual values, but allow for the effect of clustering (Campbell,
Mollison et al' 2000; Raab and Butcher 2001). Accordingly, a statistical package that allows
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for clustering should be used to analyse the results of a cluster randomised contolled tial. as
was carried out in the current trial.

Although some studies have used cluster randomisation in health services research, many
have not accounted for the cluster design during calculation of sample-size or during
analysis, thus producing underpowered studies or spurious results (campbell and Grimshaw
1998; campbell, Mollison et al. 2000). Reviews of randomised trials using cluster designs
have also highlighted the problem of inappropriate analysis techniques for cluster
randomisation and lack of information about levels of inha-class correlation @onner, Brown
et al' 1990; simpson, KIar et at. 1995). There is usually an appropriate unit of analysis for
intervention, depending on who delivers the intervention and what environmental influences
are likely to have an effect on the outcome of the intervention. "Errors,, in the setected unit of
analysis were found in 70vo of studies in one review of intervention trials aimed at
influencing physician practice (Divine, Brown et al. L99Z\.

Accordingly, the present author chose a cluster randomised design to assess the effectiveness
of the Green hescription intervention. Consideration of the cluster design was therefore
allowed for both within sample size calculations and analysis of results. An attempt to
monitor potential contamination of intervention was also made and intraclass correlation
coefficients were calculated.

2.6.3.5 Recruitment and Foilow-up Rates

Low participation rates of eligible participants will limit the generalisability of study
findings' Recruitment rates tend to be low if general practitioner referral is relied upon within
lifestyle intervention trials (Bell-Syer and Moffett 2000). If practice registers are used,
participation of eligible patients is still often below sovo, as occurred in a recent physical
activity trial (The writing Group for the Activity counseling Trial Research Group z00l).
Furthermore, patients are frequently recruited from only one or two practices, which may not
be representative of the quality or variability of intervention delivery and patient response
found across medical practices (Halbert, Silagy et al. 2000; Hillsdon, Thorogood et al. ZffiZ).
Attrition rates in lifestyle intervention studies are often high. one review of exercise
interventions for the treatment of osteoporosis found attrition rates varying from 4 to sxqo
with most ovet 2o7o (Block rggT). This is a courmon problem in exercise intervention
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syudies in primary cate also, where attrition rates greater than 50vo arecommon, such as in a
recent physical activity trial in general practice (Hillsdon, Thorogood et al. 2002).

Accordingly, the present author used techniques to encourage high participation and follow-
up rates in order to ensure reasonable generalisability of results. In addition, methods were
chosen to maximize the delivery of the intervention to reduce the risk of a type 2 error, from
low rates of intervention delivery.

2.6.3.6 Timing of Recruitment

If a cluster design is adopted, practices can be randomised prior to patient recruitment.
However, this approach risks selection bias due to lack of concealment of randomisation
allocation while recruiting patients, producing imbalance of recruitment rates and baseline
characteristics (Moore, summerbell et al. 2001). This imbalance may affect results.
Inadequate allocation concealment has been associated with odds ratios exaggerated by 4lvo,
according to a meta-analysis from the cochrane pregnancy and childbirth database (schulz,
chalmers et al' 1995)' An alternative approach involves recruitment of all patients prior to
randomisation of practices. However, this approach is more time-consuming and increases
the time between enrolment and intervention delivery (Moore, Summerbell et al. 2001). It
requires patients to return to the practice for the intervention, is more expensive, (Moore,
summerbell et al' 2001) and may be more logistically difficult if many practices are taking
part.

2.6.3.7 l-ack of Blinding

Participants and assessors in trials involving lifestyle interventions are usually not blinded, as
the author of one meta-analysis of exercise and blood pressure commented (whelton, chin et
al'2002)' Ethics committees often do not allow deception of participants as to the nature of
the intervention, so blinding of participants is difficult. Even in clustered trials, informed
consent is recommended from all participating members of the control and intervention
groups (Edwards, Braunholtz et al. 1999). tack of blinding of assessors in health services
trials is associated with an exaggeration of odds ratios by rTvo (schulz, chalmers et al.
1995)' some trials have been able to blind their assessors (The writing Group for the
Activity counseling Trial Research Group 2001). However, this strategy often requires
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measurement to be carried out away from usual practices, if randomisation was at the
practice level' It also relies on the participants not disclosing their allocation of
randomisation to assessors. If the health provider knows the allocation of randomisation,
there is also the risk that these providers will offer a co-intervention to intervention patients
or control patients differentially, thus biasing results.

Therefore, the present author used methods that minimised the risk of selection and assessor
bias, due to pre-randomisation of practices and lack of blinding. This objective was achieved
by ensuring patients remained blind to allocation of randomisation until after enrolment. In
addition' few exclusion criteria were used, screeening and recuitment of patients was largely
independent of the 'un-blinded' researchers, and objective measures and self-administation
of questionnaires were used. These techniques are described in detail in Chapter 3.

2.6.3.8 Summary

In summary, pragmatic trials of lifestyle interventions are justified. A randomised controlled
trial is the most appropriate design for assessing effectiveness of such inlerventions.
Randomising by cluster reduces the risk of ocontamination' of intervention when the
intervention is delivered to individuals. A cluster design is also appropriate where the
intervention is delivered at a group level. sample-size calcurations and analysis of results
should take into account the cluster design. Intention-to-treat analysis is also important.
However, it appears that there is a lack of rigour in many community-based studies of
lifestyle interventions. These issues were taken into account by the author during the design
of the Green Prescription randomised controlled trial. This design is described in more detail
in Chapter 3 (Methods).

2.7 Conclusions of the Literature Review

Physical activity is important to health, especially cardiovascular health. primary health care
is a sensible setting to influence health behaviours of the population. A feasible physical
activity intervention, the Green Prescription, has been developed for the New Zealand
primary care setting' A long-term evaluation of its effectiveness is needed. The first literature
review reported in this chapter revealed the need for adapting and validating an instrument to
estimate change in physical activity amongsi a 'less active' population within the setting of
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general practice. The second and third literature reviews identified the need for further trials
to demonstrate effectiveness and cost-effectiveness of physical activity interventions in
primary cate, because evidence is inconclusive and there is a lack of high quality studies.
There are important methodological issues to be considered in conducting lifestyle
intervention trials in every-day primary health care, including measurement problems and
issues surrounding cluster randomisation.

This thesis is intended to conribute to the literature by assessing the following objectives:
Firstly, to assess the reliability and validity of a physical activity questionnaire adapted for
use amongst less-active adults within a primary health care sening. Secondly, to assess the
effectiveness of a practice-based Green Prescription physical activity intervention within
primary health care over a one-year period, in terms of physical activity, cardiovascular risk,
and quality of life, amongst less-active 40 to 79 year-old adults, and lastly, to assess the cost-
effectiveness of the Green prescription physical activity intervention.
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3 Methods

3.1 Introduction

This chapter presents the aims and methods of the three related studies in this thesis. The frst
section describes the methods used for physical-activity questionnaire selection, adaptation,
and assessment of reliability and validity. The second section describes the methods used in
the pilot study and the cluster randomised controlled trial to assess the effectiveness of the
Green Prescription intervention in primary health care. The third section describes the
methods used to assess the cost-effectiveness of this intervention.

3'2 Methods of Physicat Activity Questionnaire Validity and Reliability
Study

3.2.1 Aims

In order to assess the effectiveness of the Green Prescription intervention within a
randomised controlled trial' an appropriate and valid method for estimating physical activity
was required' chapter 2, section 2'3 discussed different methods for physical activity
assessment and, although physical activity questionnaires had limitations, they were still
considered the most practical method for physical activity assessment in epidemiological
study' To ensure that at least one valid instrument could be found, two questionnaires were
adapted and tested for validity. Therefore, the aims of this study were:

l' To select two existing physical activities questionnaires and adapt them for use in
epidemiological research in primary health care

2' To assess the criterion-related validity of these questionnaires irmong less-active adults in
primary health care, and to assess the test-retest reliability of one of the questionnaires.

3,2.2 Physicat Activity euestionnaire serection and Adaptation

The Auckland Heart Study (AHS) 3-month recall physical-activity questionnaire (Appendix
l) and the Green script study (GSs) 2-week recall physical-activity questionnaire (Appendix
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2) were selected because they had been used amongst adults in recent New Zealand studies.
The use of either of these questionnaires in the subsequent Green hescription evaluation
would potentially allow comparison of the findings with those of previous studies. In
addition, the AHS questionnaire had already demonstrated good validity in a high quality
validation study (Arroll, Jackson et al. l99l).

Furthermore, both questionnaires could be easily adapted to facilitate calculation of total
energy expenditure and to assess all categories of activity, including leisure, household,
occupational activities and rest. Both questionnaires already assessed intensity, frequency
and duration of activities. The importance of these characteristics has been explained in
chapter 2' The questionnaires were also adapted to allow self-administration within a
practice setting' In particular, patient instructions were printed clearly, but briefly, at the
beginning of the questionnaires. several examples of appropriate and representative activities
for each category were included with the questions to prompt respondents.

The questionnaires were initially administered to several volunteers in the age group ro test
the time taken, and to investigate any difficulties with the format or wording for self-
administration' once an acceptable format had been established, the validity of the
questionnaires and the test-retest reliability of one questionnaire, were assessed on
consecutive 'less active' patients recruited within a general practice setting. The origin of the
two questionnaires is set out below.

3.2.2.1 Auckland Heart Study (AHS) euestionnaire

The AHS questionnaire was developed by Jackson from components derived from several
sources (Jackson 1989). These sources included, the stanford Five city 7-day physical-
activity questionnaire, (sallis, Haskell wL et al. 1985) and the Harvmd Alumni study
physical-activity questionnaire (Paffenbarger, wing et al. lgzg). Elements were also derived
from the Health Insurance Project (HIP) Job questionnaire, (shapiro, weinblart et al. 1965)
and household activity questions deveroped by scragg (scragg l9g3). The AHS
questionnaire has been used in the Auckland Heart study, (Jackson l9g9) and the Auckland
Blood hessure control study (Arrolt lgg2).Arroll and colleagues (1991) validated the AHS
questionnaire amongst a random sample of I l3 adults in New Zealand.
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3.2.2.2 Green Script Study (GSS) euestionnaire

The GSS questionnaire has been used previously in a randomised controlled trial with
sedentary patients, evaluating the Green Prescription physical-activity counselling
programme in primary health care over a 6-week period (swinburn, walter et al. l99g). The
origin of the questionnaire is unclear (personal communication with the authors). The test-
retest reliability of the GSS questionnaire had been established previously, (swinburn,
walter et al. 1998) but a criterion related validity study had not been carried out.

3.2.3 Study population

This validation study was conducted within two medical practices, in different towns. each
with two general practitioners and two practice nurses. Recruifinent of patients was carried
out in the waiting room of each practice over a 5-day period in November of 1999. lnclusion
criteria comprised "less active" 40 to 79 year-old patients visiting their general practitioner
during the week of recruitment. Patients were defined as "less active,, if they answered ..No,,

to the following question' "As a rule, do you do at least half an hour of vigorous or moderate
exercise (such as warking or a sport) on five or more days of the week?,,

Exclusion criteria included presence of unstable angina, uncontrolled congestive heart
failure, progressive and debilitating conditions, serum cholesterol concenhation of over 9
mmolll' systolic blood pressure over 220 mm Hg or diastolic blood pressure over 120 mm
Hg' These criteria were based on recommended contraindications to advising exercise to the
elderly (Haskell 1997). Patients were also excluded if they did not speak English or were
acutely injured or unwell. If the general practitioner or staff considered the candidate
unsuitable for participation on medical or other grounds, the patient was not included.

Nl 40-79 year-old patients visiting the four general practitioners over a five-day period in
November 1999 were screened for inactivity as they entered the practice. Those who fulfilled
the inclusion criteria were invited to take part in the study.

3.2.4 Reliabitity

Test-retest reliability was assessed for the AHS questionnaire. This questionnaire was self-
administered at baseline, within the practice and repeated between one and two weeks later
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(mean of 11 days), at home. The completed questionnaires were then posted back to the

author.

3.2.5 Validity

Study participants completed both the AHS and the GSS physical-activity questionnaires,

initially. Participants were then given a 7-day activity diary and a pedometer to wear for

seven days. Diaries and pedometer records were obtained from participants at the end of the

week, for analysis.

3.2.6 Physical Activity Diary and Pedometer

The physical activity 7-day diary (Appendix 4) and the pedometer were used as 'gold

standards' to assess the criterion-related validity of the questionnaires. The 7-day activity

diary was developed by Arroll and used in the previous validity study of the AHS

questionnaire (Arroll, Jackson et al. 1991). The pedometers used were Omron HJ-003,

battery-powered and digitally displayed step counters. Pedometers were calibrated against

actual number of steps, in each individual, prior to the pedometer record. AII participants

were asked to wear the pedometer at their waist for a week, and record the number of steps

for each day, on a form. During the same week, respondents were also asked to fill in the 7-

day activity diary by listing all moderate and vigorous leisure, domestic, and occupational

activities, performed throughout each day. The duration and intensity of each activity was

also recorded, as were the number of hours spent sleeping and resting in bed, in order to

calculate total energy expenditure.

3.2.7 Analysis

Information about type, duration, frequency and intensity of each activity was recorded in the

questionnaires. A metabolic equivalent value (MET) was established for each activity, using

a standard compendium (Ainsworth, Haskell et al. 1993). A MET represents the ratio of
work metabolic rate to a standard resting metabolic rate of 1.0 kcal (4.184 kJ)/kg/hr
(Ainsworth, Haskell et al. 2000). The compendium provides an empirically based coding

system of common leisure-time, domestic, and occupational activities and designates each

activity with an average MET value. Time spent sleeping or resting in bed was coded as 1.0

MET, as this represents the resting metabolic rate (Ainsworth, Haskell et al. 2000). Time not
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accounted for' after asking about sleep, leisure, domestic, and occupational activities was
allocated a 1'5 MET value, assuming that time unaccounted for was spent in light activity.
Activities of 3'0-4'9 MET were classified as moderate. Activities of greater than 5.0 MET
were classified as vigorous (wilson, Paffenbarger et al. 1986; Lamonte and Ainsworth 2001).
This allowed the calculation of energy expenditure in each category, as well as total energy
expenditure. Energy expenditure was carcurated in kcal{kg/week.

Time spent in light, moderate and vigorous activities, of leisure, occupational or domestic
categories were also estimated from the questionnaires and expressed as hours per week. In
addition' a computer proglam was developed to calculate energy expenditure and time spent
in different activities from the AHS questionnaire, using ACGESS software (Anderson and
Elfey cR 2002)' The values calculated from the two questionnaires were compared with the
validation 7-day diary estimates and pedometer readings.

outcome measures used for the reriability and validity studies
expendirure, total and leisure moderate-intensity activity, and total
intensity activity, as estimated by the questionnaires and the 7-day
measure obtained from the pedometer recordings was steps per day.

Analysis of reliability and validity was performed using spss 9.0 statistical software.
spearman's rather than Pearson's correlation coefficients were calculated because of the non-
parametric nature of the data. Intraclass correlation coefficients were also calculated for
reliability data (Maclennan lgg3). Bland-Altman graphs of total energy expenditure and
total moderate activity were presented as an alternative measure of validity (Bland and
Altman 1986).

The validation study was undertaken alongside the pilot study of the subsequent randomised
controlled trial' In the 'conhol' practice, data for the validity and test-retest reliability study
were collected at the commencement of the pilot intervention study. within the .intervention,
practice' data for the validity and test-retest study were colrected after the completion of the
2-month intervention study. This approach was employed to avoid the reliability and validity
studies being undertaken while participants were in the process of changing their physical-
activity behaviour' The results of the reliability and validity study are presented in chapter 4,
section 4.2.

included total energy

and leisure vigorous-

diary. The outcome
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3.3 Methods of cruster Randomised controled rriar of the Green
Prescription Intervention in himary Hearth care

3.3.1 Introduction

This section discusses the main study of this thesis, the cluster randomised controlled trial of
the Green Prescription intervention. Firstly, the methods that were used in the pitot study
prior to the randomised controlled trial are described in section 3.3.3.(The results of the pilot
study are presented in Chapter 4, section 4.3.2.) secondly, the methods that were used in the
cluster randomised controlled trial are described from sectio n 3.3.4. (The results of this trial
are presented in Chapter 4, section 4.3.3.)

The effectiveness of the Green Prescription intervention was assessed in the randomised
controlled trial by measuring change in physical activity levels, cardiovascular risk status,
and quality of life (using the sF-36) over a twelve-month period. This approach was used to
determine whether increases in physical activity could be sustained over a one-year period,
and whether these increases were enough to achieve clinically, and statistically, significant
improvements in health.

3.3.2 Aims

Therefore, the aims of the randomised controiled trial were:

l' To determine whether the Green Prescription physical-activity intervention in general
practice is effective in increasing the physical-activity levels of less-active middle aged and
older people over a one-year period.

2' To determine whether the Green Prescription physical-activity intervention in general
practice is effective in improving health outcomes of less-active middle aged and older
people' assessed by change in blood pressure, cardiovascular risk, and qualiry of life health
status.
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3.3.3 Pilot Srudy Design

A pilot study was conducted from November 1999 until February 200o. The purpose of the
pilot study was to assess the acceptability of the screening process, intervention delivery, and
study protocol, to the practice staff and patients. In addition, the pilot study allowed an
estimation of the proportion of patients who would be eligible for such a study, and the likely
participation rate. The pilot study was also designed to demonstrate physical activity or
health outcome trends in response to the intervention over a short period (two months).
Lastly, the pilot study would provide interim data to calculate outcome variable means,
standard deviations, and intracluster correlation coefficients that could be used in the sample
size calculations for the main cluster randomised controlled trial. This information was
particularly useful, because such data are sparse in the literature, particularly on less-active
adults in primary health care.

3.3.3-I Pilot study population, Allocation of Randomisation and protocol

The study population was the sirme population that participated in the physical-activity
reliability and validity study, described above, including the same inclusion and exclusion
criteria' Two general practices in the waikato-Hauraki region took part. Both practices had
two general practitioners and two practice nurses working in them. Allocation of each
practice to intervention or control was decided by the flip of a coin. Five days were spent
recruiting from the waiting room in each practice. The receptionist handed forrns to 40-79
year old patients as they arrived, in order to screen for inactivity, as described in the previous
section, and to invite eligible patients to participate.

Informed consent was obtained and baseline measures taken from those who were willing to
participate in the study, if they fulfilled eligibility criteria. Those in the .intervention,

practice were handed a form to establish their readiness to increase activity (.stage of
change'), and asked to give the form to the general practitioner when they entered the
consultation' The general practitioner would then give advice about physical activity and a
Green Prescription, which was also faxed to exercise specialists at Sport Waikato.

Study participants were co-ordinated two months later at the same practice, to repeat the
questionnaires and measures. All measures were undertaken by the author.
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3,3.i.2 Pilot Study Outcome Measares

Physical activity outcome measures included change in total energy expenditure (kcaltkgt

week), Ieisure moderate-intensity and vigorous-intensity activity (hours per week), and stage

of change, over a two-month period. Health outcome measures included change in systolic

and diastolic blood pressure, weight, body mass index, serum total cholesterol and high-

density lipoprotein concentrations, S-year cardiovascular risk status, and quality of life, as

measured by the SF-36 questionnaire.

Physical activity variables were estimated from the self-administered AHS questionnaire.

The blood pressure values were obtained from the average readings of the second and the

third recordings from an electronic sphygmomanometer. Weight was obtained from

electronic scales and height from a standard tape measure. The serum lipid levels were

obtained from finger-prick point of care machines. Demographic, medication, and other

health details were obtained by questionnaire.

3.3.3.3 Pilot Study Analysis

Data were entered and analysed in SPSS 9.0 database. Baseline demographic and health-

related variables were compared to assess whether the two study groups were similar. Mean

change in each outcome variable was t-tested by "one sample" and "compared independent

samples" methods, using SPSS. Analysis was undertaken on an intention-to-heat basis.

Allowance was not made for the effect of clustering in the pilot study. Results of the pilot
study are presented in Chapter 4.

3.3.4 Cluster Randomised Controlled Trial Design

The cluster randomised controlled trial of the Green Prescription was designed from mid

1999 until data collection commenced in April 2000. The study protocol and sample size

calculations were refined following the results of the pilot study. Description of the study

setting and population, sample-size calculations, study protocols, outcome measures,

intervention, and data analysis, are described below. Wide community and stakeholder

consultation was undertaken prior to, and during, the design of the study, and is described at

the end of this section.
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33.5 Study Population

The shrdy catchment area was located within the Cenhal and Eastem Waikato regions of
New Zealand (Figurc 3.1) with a total population of approximately 200,000, spread over

10,000 km2. This area included one city of over 100,000 people, as well as l0 semi-rural

and rural towns.

Figure 3-l lVaiketo Region of New 7*ila,nll and Location of the Grcen Prescription

Study

Source of map: htg //communitiesco.nzlHome/lVaikato.cfin

Dlrtrlclr r Cfir
Ibnn. bd
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Figure 3.1 shows the region in which the Green Prescription randomised controlled trial was

carried out. The city and towns that participated in the study (in order of size), included:

Hamilton, Cambridge, Thames, Huntly, Ngaruawahia, Waihi, Matamata, Morrinsville,

Paeroa, Te Aroha, and Ngatea. (Not included on the map are Ngaruawahia, which is a small

town between Hamilton and Huntly, and Ngatea, which is a small settlement between paeroa.

Thames and Pokeno.)

3-3-5.1 General Practitioner and Practice Inclusion and Exclusion Criteria

Inclusion criteria for general practitioners were:

l. Practising medicine within a defined geographical area,

2. lnvolved in primary health care as their central focus and,

3. Working within a general practice setting

General practitioners could be part-time or full-time. Exclusion criteria included working in
large Accident and Emergency clinics that were unlikely to have a stable practice population

or a continuing relationship between patient and doctor or practice nurse.

3.3.5.2 Patient Inclusion and Exclusion Criteria

Patient inclusion and exclusion criteria were the same as for the pilot and validity studies.

Therefore, ail 4A-79 year-old patients visiting the general practice to see the doctor or nurse

during the study week were screened for 'inactivity' by means of the following question. ..As

a rule, do you do at least half an hour of vigorous or moderate exercise (such as walking or a

sport) on five or more days of the week?" This question, used to establish eligibility, was

chosen on empirical grounds to reflect those not achieving the recommended 30 minutes of
moderate activity on most days of the week (Centers for Disease Control and prevention

1996). However, this question had not been validated in the past. Patients were also excluded

if they did not speak English, were severely injured or too sick to participate, or were

planning to leave the region in the next 12 months.

3.3.6 Sample Size and Power Estimation

Sample size calcuiations were carried out using STATA software. Calculations of sample

size were inflated by the design effect of clustering to ensure that the study was powered
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adequately to detect clinically relevant changes in outcomes. The formula for the design

effect (D.efr) for clustering is explained in Chapter 2. Predicted change in cardiovascular

parameters, physical activity, and quality of life, were used as outcome variables to estimate

the required sample size. The largest of these estimates was used as the required sample size,

to ensure that any differences in all of the primary outcomes could be detected as statistically

significant (Friedman, Furberg et al. 1985). The calculations predicted changes in variables

that have been achieved in similar lifestyle-intervention studies in the past and that are of
clinical significance. Inffaclass correlation coefficients, means, standard deviations. and

estimated change, for each outcome variable were derived from the literature and from the

pilot study results. These values were used in the calculation of sample size and the

adjustment for clustering (Table 3-l).

Sample size calculations were based on estimating differences in change of continuous

outcome variables, between the intervention and control groups. As a change in outcome

variable may be positive or negative compared with the control, two sided tests were used,

and taken into account when sample size was calculated (Friedman, Furberg et al. 1985).

For the estimation of sample sizes required to detect statistically significant differences in

change of efficacy variables, a number of other assumptions were made. The intervention

and control groups were assumed to be of equal size. An average cluster size of 20 was used

in the calculations, as this was the number of participants recruited during a five-day period

at each practice during the pilot study. A 25Vo attrition rate was assumed over the 12 months,

and the sample size inflated accordingly.

Table 3-l shows the sample size required to detect statistically significant differences of
change in each variable, between the intervention and control groups (alpha = 0.05, pow€r =
907o). Therefore, a sample size of at least 800 participants from at least 40 general practices

with an average cluster size of 20 was required.
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3.3.1 Randomisation

Randomisation and delivery of intervention was at the Ievel of general practice. To
preserve independence of randomisation, computer-generated randomisation of practices
was carried out by an independent statistician at a distant site. To assist with between-
group comparability, randomisation was stratified by practice size (Friedman, Furberg et
al' 1985)' solo general practitioners' two and three general practitioner practices, and
practices with more than three general practitioners, made up the three strata.

Practices were enrolled in the study before they were randomised to intervention or
control groups. However, allocation of randomisation was known by the recruiter at the
time of patient recruitment within each practice. To minimise the potential for selection
bias' a systematic process for patient selection, independent of the researcher, was used.
In addition, patients remained blind to allocation of randomisation until after enrolment.
Pre-randomisation of practices was necessary, prior to patient enrolment to ensure
delivery of the intervention on the day of patient enrolment in each practice, and to avoid
requiring the patient to return to receive the intervention. Therefore, patient participation
and receipt of intervention were maximised, and time between enrolment, baseline
measurement, and delivery of intervention, was minimised.

ln addition, four practices were randomly selected to have no cholesterol testing done
(two control and two intervention practices). This step was taken because of limited study
resources' and because the sample size required to detect a significant change in
cardiovascular risk in the trial, was estimated to be less than that required for other
outcomes.

3.3.8 Study Protocol

The research assistant study protocols for patient enrolment and baseline and follow-up
assessments are included in Appendices ll and 21. General practitioners and general
practices were recruited initially. Then all the enrolled practices were randomised. The
recruitment of patients occurred over the following 12 months. The process of study
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recruitment and enrolment are described below and depicted in Figure 3-2. The l2-month
follow-up study schedure is described in a subsequent subsection.

3.3-8-I General practitioner and practice Recruitment

Sixty-three practices, comprising 159 general practitioners were located using the
telephone book, Iists of general practitioners from a local Independent practitioners,
Association and the local promoters of the Green Prescription at the sports Foundation.

The principal researcher (author) or her research assistant contacted individual general
practitioners or practice managers from all these practices by telephone, to invite their
participation in the trial. Following this, a letter was sent which explained the aims and
design of the trial and what was expected from participant practices. where requested, the
researcher would visit the practice to present the aims and study protocol, before
practitioners decided whether they would participate. participation was voluntary and
there was no remuneration offered. The general practitioner or practice manager was then
re-contacted a week later to ascertain whether they agreed to participate. If some, but not
all' general practitioners at a practice agreed to participate, the practice was still included
in the study, but only patients of participating general practitioners were screened and
invited to participate. All practices were contacted and enrolled in the study over a six-
week period during February and March 2000.

3.3.8.1.1 Patient Enrolment

Rolling recruitment of study participants was undertaken over the following twelve
months, alternating control and intervention practices as much as possible. As it was
expected that physical activity would vary depending on the season, an even spread of
patient enrolment was obtained throughout the year. Furtherrnore, as the follow-up
assessment took place exactly 12 months after the initial assessment, the season was the
same at baseline and follow-up for each practice and study patient.

The researcher, or research assistant, normally spent four to five consecutive days in the
waiting room of each participating practice, enrolling eligible patients from the waiting
room. occasionalry, to fit in with the practice, or the ,harf_days, of the general
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practitioners, the 4-5 days spanned two weeks. The predicted recruitment rate was

between 8 and l0 patients per full-time equivalent general practitioner, as this rate had

been achieved during the pilot study.

At each practice, the practice-receptionist handed out a short form to each patient aged

between 40 and 80 years, as they arrived at the practice during the study week (Appendix

5). The form screened for 'inactivity' and invited those eligible to participate in the study.

The form was filled out by each patient and handed back to the receptionist, independent

of the researcher. [n addition, a notice was put up on the notice board of each practice

during the week of recruitment (Appendix l3).

If the patient was interested in taking part and was eligible for participation, the

researcher explained the nature of the study and provided one of two information sheets

(Appendix 6a or 6b). The infonnation sheets were tailored according to whether serum

lipid testing was required. This requirement depended on whether the patient was in a

practice that had been randomised to have blood lipid testing done or not. Once informed

consent had been obtained (Appendix 7a or 7b), and at least the physical activity status of
the patient ascertained, patients in the intervention practices received the intervention

from their general practitioner or practice nurse. Patients in the control practices received

usual care. All patients were followed up by the research team 12 months later to repear

the study measures.

If patients were known to be ineligible due to exclusion criteria, prior to enrolment, they

were not enrolled. However, cholesterol levels, blood pressure readings, and some

clinical conditions were not known until after enrolment. Therefore, all patients enrolled,

regardless of baseline levels of cholesterol and blood pressure or debilitating/unstable

condition, were included in the study follow-up and analysis, despite the fact that they did

not meet the criteria. This is a conservative approach and likely to dilute the power of the

study, as this group is less likely to have received the intervention from their general

practitioner on clinical grounds. Alternatively, their condition may influence the response

to the intervention. However, inclusion of all those enrolled is recommended, to reduce

the potential for exclusion and recruitment bias when the researcher is not blinded to
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allocation of randomisation (Friedman, Furberg et al. 1985; Schulz, Chalmers et al.

1995). Thereforeo no patients were excluded from analysis after enrolment.

Figure 3-2 Flow Diagram of the Design of the Cluster Randomised Controlled Trial
of the Green Prescription Intervention

All participants telephoned 12 months later for face to face visit, for repeat
data collection, at original practice. volunteers in control group are offired
intervention after follow-up measures, if appropriate

Intervention
l. Researcher or research assistant in waiting room
for 5 days, enrolling 20 patients per practice, on
average

2. Receptionist hands every 40-79 year-old patient an
activity screen and invitation to participate in study

3. Researcher enrols interested, eligible patients:
o informed consent
r questionnaires
. measurements (before and after GP)

4. Patient takes a prompt to GP or nurse, to indicate
to give Green Script and activity counselling

5. Copy of Green Script faxed to exercise specialists

Three telephone-cal ls from exercise
specialists over next 3 months to
provide advice and encouragement

GP or practice nurse, provide feedback
about physical activity on subsequent
visits or by telephone

Control
L Researcher or research assistant in waiting
room for 5 days, enrolling 20 patients per
practice, on average

2. Receptionist hands every 40-79 year-old
patient an activity screen and invitation to
participate in study

3. Researcher enrols interested, eligible
patients:

r informed consent
r questionnaires
. measurements (before and after Gp)

4. Usual care from GP
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3.3.9 The Intervention

During 1999, all primary care clinicians in the Waikato had been inforrred about the use

of the Green Prescription and all were offered at least two hours of taining in the use of
motivational interviewing techniques. After randomisation of practices, the intervention

general practitioners and their practice nurses were offered an additional two-hour

educational session about how to give physical activity advice and the Green

Prescription, using motivational interviewing. The Tobacco, Alcohol and Other Drug

Early Intervention Project (TADS) team, from the Goodfellow Unit at the University of
Auckland, provided the motivational interviewing training in this study. Those general

practitioners and nurses, who were too far from the training venue to attend, were

provided with written resources, courtesy of the Goodfellow Unit.

When patients were enrolled in the study, they filled out the 'stage of change' form
(Appendix 8). At the intervention practices, the patient was also given the 'stage of
change' form to hand to the general practitioner as the prompt. These forms indicated to

the general practitioner or nurse that the patient was enrolled in the study and that they

needed to give appropriate physical activity advice and the Green Prescription. The form
also indicated to the clinician, the stage of change of the patient, with regard to their
present level of physical activity participation, or their level of 'contemplation', as

discussed in Chapter 2 (Prochaska and DiClemente 1983).

The physical activity goals decided upon by the clinician and patient were usually home-

based, walking, or group exercise activities. These goals were written on a standard

Green Prescription and given to the patient (Appendix 9). General practitioners

sometimes referred the patient to the practice nurse to give the advice and Green

Prescription. If patients had booked consultations with the practice nurse rather than the

general practitioner, the nurse was responsible for the intervention. The nature of advice

given and the type and amount of exercise recommended by the general practitioner, or
practice nurse, were left up to the individual health professional.

General practitioners and practice nurses were provided with Green prescription pads,

pamphlets about walking, stretching and the benefits of physical activity for medical
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conditions, fridge magnets and record sheets for patients to record which days they

achieved their activity goals. These resources were supplied by the Hillary Commission

and made up into packs for the general practitioner or nurse to hand to the patient with

their Green Prescription, so that each intervention patient would receive the same

resources.

A copy of the Green Prescription was faxed to exercise specialists at the local Sports

Foundation with the patient's consent. Relevant details such as age, weight and particular

health conditions were often included (Appendix l0). The exercise specialists made at

least three telephone calls to each enrolled intervention patient (unless after repeated

attempts, contact could not be made) and sent out tailored resource materials when

appropriate, over the next three months. Intervention patients received quarterly

newsletters about the benefits of physical activity and other motivational material. The

exercise specialists would also help the person to design appropriate exercise

programmes for themselves or direct them to community-based exercise groups suitable

for their age, capabilities, and geographical location. All activities in the programme were

of 'moderate-intensity' and unlikely to cause harm. The exercise specialists were

informed of any relevant medical condition of the patient so that physical activity advice

could be tailored accordingly. Motivational interviewing techniques were also used by

the exercise specialists.

The staff of each general practice was encouraged to provide feedback and

encouragement to participants on subsequent visits to the practice.

3.3.10 Outcome Measures

Change in physical activity levels, systolic and diastolic blood pressure, 4-year coronary

heart disease risk-status, and quality of life using SF-36 scores, over a twelve-month

period, were the primary efficacy variables for analysis. Self-administered questionnaires

and objective measurements using electronic equipment and signed witness statements

verifying results were used as much as possible, in order to minimise the potential for
bias due to the lack of blinding of researcher and patient.
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Baseline data collection was carried out according to a protocol developed by the author

(Appendix ll). Data collection required the filling out of several measurement forms

(Appendices l2). Due to the patient recruitment method of screening on the day of the

practice visit, there was sometimes only a period of ten minutes available for baseline

measurements, prior to the patient's appointment with the general practitioner. Although
baseline physical-activity status was determined prior to the commencement of the

intervention, other baseline variables were sometimes measured after the consultation

with the clinician.

3.3. 10. l. I Physical Activity

Physical-activity outcome measures included change in total energy expenditure, and

leisure-time moderate or vigorous-intensity physicat activity. All physical activity

outcomes were calculated from self-report. Usual levels of physical activity were

established using the validated AHS questionnaire (Appendix l) (Anoll, Jackson et al.

1991; Elley, Kerse et al. 2003a). This questionnaire and the method of its validation are

described in detail in the first part of this chapter. The AHS questionnaire, rather than the

GSS questionnaire, was chosen to assess physical activity because of the results of the

validation study, which are presented in Chapter 4, section 4.2.

3.3.10.1.2 Blood Pressure and Cardiovascular Risk

Gender, age, previous cardiovascular disease, diabetic and smoking status, and

cardiovascular medication use, were established using a questionnaire and by referring to
patient records where necessary (Appendix l2). Pulse and blood pressure recordings were

obtained using a Speidal and Keller OSz 5 electronic sphygmomanometer, after at least

five minutes of sitting quietly. Three recordings were taken and the average of the second

and third readings was used in outcome variable calculations. This method has been used

in previous trials to reduce the tendency of regression to the mean of baseline blood
pressure recordings (Friedman, Furberg et al. 1985). Sphygmomanometers were re-

calibrated on a regular basis to ensure standardisation of results. The Speidel and Keller
OSK electronic sphygmomanometer devices meet the requirements of the European

standard for clinical investigation.
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Random cholesterol values were obtained from venous blood taken by the researcher.

The sample was analysed at a ceftified laboratory on the day of collection. These

variables were required for calculation of the 4-year cardiovascular and coronary heart

disease risk scores, using the Framingham and D'Agostino equations (Anderson, Odell et

al. 1990;D'Agostino, Russell et al. 2000).

3.3.10. 1.3 Quality of Life

Quality of life scores were established by self-administration of the SF-36 questionnaire.

The Rand corporation outcomes short-form 36 health survey (sF-36) is a

multidimensional measure of self-perceived general health status or quality of life. This

survey has been validated overseas in adult populations in the United States, Britain, and

Australia. It has been shown to be suitable for a wide range of age groups and ethnic

populations (McHorney, Ware et al. 1993; Medical Outcomes Trust 1993; McHorney,

Ware et al. 1994; Hayes, Morris et al. 1995). The SF-36 can also be used to measure

changes in health status after medical or lifestyle interventions, and is quite sensitive to

subtle changes in health status (Bouchet, Guillemin et al. 1996). It has also been validated

for use in primary health care (Brazier, Harper et al. 1992). The SF-36 has been validated,

in New 7*aland, (Wheadon, Kokaua et al. 1994; Scott, Tobias et al. 1999) and has been

used amongst older Mdori (Durie, Allan et d. 1997). Quality of life was assessed using

the eight separate outcomes of the SF-36. These included:

. Physical functioning

r Role physical

o Bodily pain

r General health

o Vitality

. Social functioning

. Role emotional

r Mentalhealth
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3.3. 10.2 Secondary Outcomes

Changes in the serum lipid concentrations, weight, and body mass index, were also

compared between control and intervention groups, for the twelve months between

baseline and follow-up. Weight was taken with Digital scales from Wedderburn, which is

a certified calibration laboratory.

3. 3. 1 0.3 Other I nformation Collected

3.3. 10.3. I Socio-economic Status

All study participants were asked if they had a community services card (CSC). This card

is a health-user card that allows for a government subsidy for primary health care and

medications. Eligibility for the card is means-tested on family income. Consequently, the

participants were divided into two groups, those with a CSC and those without.

Educational achievement level was recorded. Socio-economic status (SES) was also

collected at follow-up by means of a validated SES scale that had been derived from the

1996 census in New Tnaland. This scale gives each family a score from 0-100 (Davis,

Mcl-eod et al. 1997). All study participants were asked their current occupation, their

spouse's occupation, or if retired, their previous occupation and their spouse's previous

occupation. The highest SES of the four categories was allocated as that individual's

SES.

3.3.10.3.2 Ethnicity

Ethnicity status was established by asking the participant to choose as many ethnic

groups as they identify with (Appendix l2). This question was based on the ethnicity
question asked in the New Zealand 1996 census.

3. 3. I 0. 3. 3 Medical Conditions and Medication s

Changes in medications over the 12 months as well as baseline meclications were

recorded. Medications and medical conditions were coded according to a system devised

by the author (Appendices 14-15). Only those medications or medical conditions rhat
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were likely to have a bearing on cardiovascular or quality of life variables, or were likely
to change due to physical activity changes, were included.

3.3.10.3.4 Smoking Status and Alcohol Consumption

Smoking status was recorded as 'currently smoking', 'given up smoking in the previous

12 months', or 'non-smoker'. The middle category was included because the

Framingham equation classifies those having given up smoking in the previous 12

months as having the same risk as those still currently smoking. Frequency, amount, and

type of alcohol consumption, were recorded for each participant at baseline and follow-
up.

3.3. 10.3.5 Adverse Effects

Self-reported falls in
hospitalisations during

the

the

previous month, injuries in the previous month, and

previous year, were collected at baseline and l2-month

follow-up' Self-reported use of oupatient clinics, physiotherapists, and occupational

therapists 12 months prior to and 12 months after baseline were also compared amongst

the intervention and control groups. Besides representing potential adverse outcomes of
the intervention, these variables were also collected to compare potentially prognostic

characteristics of control and intervention subjects at baseline. Hospitalisation rates were

also important in the cost-effectiveness evaluation, presented in the next section. Self-

report of hospitalisations was verified by comparing hospital records using a patient

unique identifier (NHD.

3.3. I 0.3.6 Practice Characteristics

Information about each practice was recorded, including their fee schedule, funding
structure, and personnel. In order to ascertain rates of patient participation, the following
were recorded by the researcher or research assistant at each practice (Appendices l6 and

17):

I Number of 40-79 year old Patients attending each practice during the study week

o Number screened for the study
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Number found to be inactive

Number that agreed to participate in the study

Number excluded (and reasons for exclusion)

Leisure activity levels and demographic infonnation about

practitioners and practice nurses was collected after informed

(Appendices l8 and 19) at the end of the patient recruirment week.

3.3.11 Follow-up Visit: Description and Schedule

participating general

consent was obtained

Rolling recruitment of patients for the study had occurred from mid April 2000 until mid
April 2001, according to plan. Twelve-month follow-up commenced mid April 2001,

with the patients that had been recruited exactly one year previously, patients were

followed up 12 months after baseline assessment, at the original general practices. If the

patients had moved within the region, or transport to the surgery was a problem (e.g.

unwell, immobile or without transport), follow-up was carried out at the individual's
home or at another practice nearby, although this was rarely necessary.

To facilitate study follow-up, each patient was contacted by telephone or mail and a

follow-up appointment was arranged with the researcher or research assistant. Follow-up
was spread evenly over the next year, and was finished according to plan in April ZOOZ.

Outcome measures were repeated using similar but extended forms (Appendix 20)

according to the follow-up protocol for all intervention and control patients (Appendix

21). These measures allowed the calculation of change in primary and secondary

outcomes over the twelve months between baseline and follow-up.

3.3.lIJ Subjective Expericnce of Intementian

Subjects were also asked whether they had received a Green Prescription in the last 12

months. (This allowed one assessment of potential contamination - control subjects who

received the intervention.) All subjects who had receivcd the intervention were asked:

o Whether they had initially increased their activity
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The frequency and duration of any further discussions with the health professional about the

intervention

Whether they felt they had increased their physical activity as a result of the intervention

Whether they were still doing this activity

Whether they did their increased activity alone or with others

How helpful they found the follow-up support from exercise specialists

What they thought about the intervention (open-ended question)

3. 3. I 1. 2 M e asure s of c o mplian c e, c o ntaminatio n, and c o -inte nt e ntio n

The numbers of study patients who did not receive the intervention, and the reason why
(such as decline by the patient or considered unsuitable by the doctor or nurse after

enrolment), were recorded. In addition, the number of patients who received a Green

Prescription but declined having the script faxed to Sport Waikato was also recorded.

Those who initially increased their activity but discontinued were also noted at follow-up.

All subjects, regardless of their participation in the intervention or activity levels, were

invited to attend the follow-up visits, and all subjects were included in final analysis,

regardless of compliance.

Recording and comparing medications of intervention and control participants, wils

carried out at baseline and follow-up, to check for medical co-intervention, such as the

prescribing of extra antihypertensive medication to intervention patients, by general

practitioners. In addition, asking control participants after follow-up if they have received

the intervention, and asking general practitioners in control practices if they have been

delivering interventions, supplied another check for co-intervention and contamination of
intervention to the control group.

To address any ethical concerns or bad feelings over withholding an intervention from

control participants, this group was offered the intervention after the completion of the

trial' This offer may also have helped to minirnise the chances of control patients seeking

out a similar intervention during the trial. It is important to note that all study participants
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were aware that they were taking part in a study where half of the participants received a

lifestyle intervention from their general practitioner.

3.3.12 Patient and General Practitioner Feedback

At baseline and follow-up, each study patient was given a form with their average blood

pressure, pulse, weight and height recorded on it (Appendix 22). Copies of the cholesterol

results were also sent to the study patients. All participants that indicated that they would

like a copy of the results of the study, were sent a summary of the results after the study

was completed (Appendix 23). Approximately 600 of these letters were sent. A letter

summarising the results, as well as individual practice results, was also sent to all
participating general practitioners after the study was completed (Appendix 24).

3.3.13 Data Management

Data collection was undertaken from April 2000 until April 2002. The development of
data collection protocols and training of research assistants is described below. Data

coding, double data entry, data cleaning, and data analysis, continued until October ZWZ.

These topics are also described below, as are other procedures put in place to monitor
data quality.

The baseline and follow-up protocols were developed by the principal investigator

(author of this thesis), prior to the commencement of the baseline and follow-up visits

respectively (Appendices [l and 2l). Funding for one 8/106 research assistant was

provided for the principal investigator for the two years of data collection. Three research

assistants shared this position including a M6ori research assistant to collect data from
each of the seven MEori Health Clinics. The involvement of a Mdori research assistant for
Mdori Clinics had been recommended during consultation with Miiori prior to the

commencement of the study. The three research assistants were registered nurses. They

had also received training in venepuncture for determination of serum lipid concentration

at baseline and follow-up. Half of the data were collected by the principal investigator

and the other half by the research assistants.
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The principal investigator also trained the research assistants in coding of the data, using

a physical activity compendium (Ainsworth, Haskell et al. 1993), and a socio-economic

scale (Davis, Mcleod et al. 1997). lnstuction was given on coding of medical conditions

and medications according to the coding system (Appendices 14 and 15). Half of the data

were entered into the computer by the principal investigator and the other half was

entered by data entry personnel, who were also trained by the principal investigator. All
data were re-entered by an independent person for comparison.

3.3.13.1 Data Monitoring and Quality Control

Data collection was standardised by the use of protocols and regular sessions, and by

research assistants sitting in and observing data collection with each other at regular

intervals, throughout the trial. As much as possible, questionnaires were filled out by the

subjects. The research team were versed in ways to clarify or reflect back queries about

the questions, rather than make suggested answers, to minimise their influence and risk of
potential bias.

Data collection was made as complete as possible. However, with the opportunistic

nature of patient recruitment, time was sometimes a factor. Data collection for each

subject took about 20-40 minutes. On rare occasions, the patient was not able to stay for
the duration of data collection. On those few occasions, the SF-36 questionnaire was

given to the subject to complete at home and send back. Some of these were not returned.

Other sources of missing data included subjects choosing not to have cholesterol testing

done, or subjects declining or unable to attend the follow-up. Every attempt was made to

encourage subjects to return for follow-up, if possible. Figures on follow-up rates, and

reasons for attrition from the study, are presented in Chapter4, section 4.3.4.

Calibrated electronic sphygmomanometers and research electronic scales were used in

measurements. Re-calibration of sphygmomanometers was done every six to twelve

months. Blood Pressure, pulse and weight readings were checked by study subjects, who

signed witness statements to verify the values recorded. One accredited laboratory was

used to analyse all serum samples.
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To minimise elTors and variability, all forms, questionnaires and procedures were pre-

tested on volunteers, and pilot study patients, prior to their use in this study. This pre-

testing also ensured the acceptability and feasibility of the study procedures and forms,

and clarified any potential areas of misinterpretation.

Coding of each individual's results was checked by two members of the research team to

ensure standardisation of coding. The use of compendia, socio-economic scales and look-

up coding tables reduced the scope for coder interpretation or inter-rater variability.

Regular meetings were also held and samples of coding were discussed amongst the

team' Any assumptions that had to be made were written down for future reference by the

team and discussed.

Data were entered using an ACCESS program that was specifically developed for the

project. The program calculated all physical activity and cardiovascular-risk outcome

variables. Double data entry was carried out and coding checked a further time by an

independent researcher to validate data entry. Each piece of data was individually

compared between the original and re-entered databases, using the ACCESS program,

and all discrepancies reviewed by two members of the research team with the original
questionnaire to decide on appropriate interpretation.

The data were also checked for any extreme or outlying values (eg: cholesterol or blood
pressure values) and verified wherever possible.

3.3.14 Analysis

The positive predictive value of the single screening question for 'inactivity' was

assessed by comparing the results with those from the AHS questionnaire, which had

been validated. The proportion of those identified by the screening question as 'less

active' was compared with the oless active' proportion identified by the AHS
questionnaire. 'Less-active' referred to those achieving less than Z r/z hours of leisure-

time moderate- or vigorous-intensity physical activity per week. The positive predictive

value results are presented in Chapter 4, section 4.3.9.
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Physical activity variables were calculated in the same way as in the questionnahe

validity study and the pilot study described above (section 3.2.7). However, the MET
value ascribed to sleep was revised from 1.0 to 0.9, and 'light activity' was allocated the

MET value of 1.2 instead of 1.5. These revisions were made in the light of subsequent

inforuration (Personal communication with an exercise physiologist) (Wilson,

Paffenbarger RS et al. 1986; Lamonte and Ainsworth 2001).

Cardiovascular risk scores were estimated for all those less than 75 years of age, as this

was the upper age limit for which the equation was valid (Anderson, Odell et al. 1990).

Four-year coronary heart disease and cardiovascular risk scores were estimated using the

Framingham equation for those without previous cardiovascular disease (Anderson, Odell

et al. 1990). For those with previous cardiovascular disease, the D'Agostino equation was

used to estimate 4-year coronary heart disease risk (D'Agostino, Russell et al. 2000). The

risk of a cerebrovascular event, using the Framingham equation, was added to the

D'Agostino estimated risk of coronary event, to estimate overall cardiovascular risk for
those with previous cardiovascular disease. Four-year risk was used, as this was the only

risk-period predicted by both the Framingham and D'Agostino equations. Data were

transferred from ACCESS to Excel and SPSS (10.1) to compare baseline variables and to

calculate the eight quality of life variables from the SF-36.

Intracluster correlation coefficients (ICC) were calculated using one-way analysis-of-

variance (ANOVA) models within STATA. These models can cope with datasets with

large numbers of levels of analysis and inter-group variability. Besides the point estimate

of the ICC, the model also estimates 95Vo confidence intervals and F-statistics. The latter

is an indicator of the ratio of the 'between-group' variance to the 'within-group' variance.

The calculation of these statistics is useful for sample size calculations for future study

designs. However, these statistics also indicate the demographic and clinical

characteristics that are likely to vary more between practices than within, and which

characteristics are more likely to be evenly spread.

The STATA statistical program was also used to undertake regression analyses of
baseline data. Baseline analysis wa-s carried out using regression models, which allowed
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for the correlated data (clustering). General practice was used as the clustering variable

and inserted as a random effect. Baseline physical activity data were not normally

distributed, so log-transformation of this data was undertaken prior to regression analysis

of baseline data. Regression analysis was carried out with all variables hypothesised to be

related to physical activity and cardiovascular variables. All variables showing significant

relationships (p<0.05) were included in the final multiple regression models. Age and sex

were controlled for in each model and allowance was made for clustering by practice.

Final analysis used similar regression models for continuous outcome vmiables, entering

general practice as the clustering variable. Intervention group status was entered as the

independent variable in the regression. Changes in outcome measures over the twelve

months following baseline readings were the dependent variables. All variables were

checked for normal distribution. As change in outcome measures were used as efficacy

variables, these were all normally distributed including physical activity data, so log-

transformation was not necessary, for final outcomes analysis. Differences between

intervention and control groups in change of continuous outcome variables were analysed

using random-effects linear regression models in STATA 7.0 (generalised-least-squares).

Final analysis of proportions and dichotomous outcomes was conducted using a non-

linear mixed model (with random and fixed effects) in SAS 8.2, to allow for clustering by

practice' Sensitivity analyses were conducted controlling for baseline and potential

confounding factors.

An intention-to-treat analysis of all patients enrolled in the study was performed

according to allocation of randomisation, regardless of receipt of intervention or

compliance with the intervention. This approach is particularly important for pragmatic

trials of effectiveness to account for real-life conditions of intervention delivery and

variable compliance (Hollis and Campbell 1999). Baseline results of outcome variables

were carried forward for those who did not attend follow-up, for all variables that tended

to improve over time. For variables that showed deterioration over time, such as risk of
coronary heart disease event, the mean change of the control goup was used to estimate

change for non-attendees. However, others have suggested that such a conservative

approach may risk a type-2 error (Fergusson, Aaron et aJ. 2002). Therefore, sensitivity
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analyses were performed 'per protocol' including only those who returned for follow-up

in the final analysis, to observe if this changed results substantially.

Analyses of blood pressure were adjusted for medication change, within the regression

model, by entering 'change in antihypertensive and/or lipid-lowering medication' as a co-

variable. In addition, increases and decreases in dose, and change of type, of
antihypertensive medications were analysed to look for any significant change or

difference between groups.

AII statistical analyses were undertaken by the author, except for the analysis of
proportions and dichotomous variables, which were carried out by Elizabeth Robinson

using the SAS statistical program. The results from all analyses are presented in Chapter

4 section 4.3.

3.3.15 Organisation

3.3.1 5. I Research Personnel

The author was the principal investigator, who conducted the trial from her home in Te

Aroha, and was funded by the Heart Foundation. Three registered nurses were employed

part-time to aid with data-collection. Two of the nurses, and administrative and data-entry

support, were based at the Pinnacle Independent Practitioners' Association in Hamilton.

These research support personnel were funded by the Hillary Commission. Two other

data-entry personnel and the third nurse were based in Te Aroha. The reference group and

supervisors of the study were based at the University of Auckland.

3.3.15.2 Reference Group and Consultation

An advisory committee was formed to comment on the research proposal, as it was being

developed. The committee included the two supervisors, Dr Ngaire Kerse, senior lecturer

in general practice and primary health care, and Associate Professor Boyd Swinburn

(from the Department of Community Health and Director of the Heart Foundation).

Sharon Matangi-Nixon was project M6ori advisor and local Waikato practice nurse.

Professor Rod Jackson, who has significant experience in cardiovascular risk assessmenr,
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as well as physical activity and health research, and Professor David Thomas who

advised on qualitative research methodology were both representatives from the

Community Health Department at Auckland University. Health economists, also from the

department of Community Health, Dr Toni Ashton and Associate Professor Richard

Milne, commented on cost-effectiveness design and evaluation. Dr Ross McCormick,

Director of the Goodfellow Unit, and Associate Professor Bruce Arroll of the Department

of General Practice and Primary Health Care, both of the University of Auckland were

also members of the reference group. Bruce Arroll took over as supervisor from Boyd

Swinburn in the second year, when Boyd Swinburn took up a new academic position

overseas. Hillary Commission representatives included Diana O'Neill, national co-

ordinator of the Green Prescription initiative in Wellington and Hayley Gaddes, co-

ordinator of the Green Prescriptions initiative in the Waikato. Dr Steven Lillis, a Waikato

general practitioner, Waikato Postgraduate Medical Society tutor, regional general

practice Training Programme co-ordinator, Medical Council examiner and director of a
large Waikato Independent Practitioner's Association was also a member of the reference

committee. The Waikato Sports Trust and local general practitioners were consulted

during the development of the research design.

Financial and other support of the project were provided by the National Heart

Foundation of New 7*aland, the Hillary Commission, the Waikato Medical Research

Foundation, the Royal New Zealand College of General Practitioners Research and

Education Charitable Fund, the Pinnacle Independent Practitioners' Association and the

University of Auckland. The Waikato Ethics Committee approved the study design in

November 1999.

3.3.15.3 Consukation with Maori

A discussion was held with Dr Sue Crengle in March 1999, Department of M6ori and

Pacific Health, Auckland Medical School, conceming appropriate consultation with

Mdori. Consequently, prior to the development of the study design, consultation was

carried out with the local representatives from Hauraki and Tainui Mdori health providers

and lwi. Hauraki Mdori Trust Board C.E.O, Te Korowai Haoura O Hauraki general
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manager, a Hauraki Kuia and Te Korowai Haora O Hauraki trust board member, and

present and past Te Korowai health providers were consulted. A Tainui Kuia and nurse,

personnel from Tainui Health Clinics, Whare Haoura, and Ngamiro Health Centre, and a

Tainui Trust Board member were also consulted and sent information about the aims and

proposed approach of the study. Discussions about physical activity counselling and its

effect within the M6ori community and the proposed study were carried out with these

groups from June 1999 until commencement of the study, April 2000.

Consultation was also undertaken with Te Hotu Manawa MEori (The Mdori Heart

Foundation) prior to final development of research design. Alterations were made to the

research protocol in line with their recommendations.

Following formal and informal consultation, the research design was formulated and final

approval from Te Hotu Manawa M6ori was obtained. Mr Wayne Mclean, CEO of the

Tainui Health Providers was contacted and his approval sought before individual Maori

health providers were invited. After his approval was obtained, Tainui and Hauraki M6ori

Health hoviders in the Central and Eastern Waikato were invited to take part if they

wished. All Tainui health providers invited agreed to participate. Although the one

Hauraki Mdori Health Provider agreed to participate, due to delayed final approval, it was

not possible to include them in the study, as the study had already commenced.

A provisional progress report of baseline findings, especially those pertaining to M6ori

participants, was provided for Tainui Kuia, Te Aroha Tai-Rakena of Ngamiro Health

centre in August of 2001. The principal researcher was also interviewed on Radio Tainui

about the project. A final report was sent to M6ori Health Providers and Te Hotu Manawa

Mdori in 2003.

3.4 Methods of Cost Effectiveness Studv

3.4,1 Aims

With limited health resources, it is important to assess the cost-effectiveness of
interventions to justify their funciing. The cost-effectiveness of the Green hescription
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intervention was therefore assessed during the randomised controlled trial. The aims of
the cost-effectiveness study were:

l. To calculate incremental cost-effectiveness ratios for the Green Prescription

programme compared with usual care in general practice.

2. To compare the cost-effectiveness of the Green Prescription programme with other

physical-activity promotion programmes based in primary health c:ue or the community.

3,4.2 Design

The cost-effectiveness analysis of the Green Prescription prograrnme was designed and

incorporated prospectively into the trial. The design of the cluster randomised conholled

trial is described above. The cost-effectiveness evaluation took a societal perspective,

which takes into account changes in indirect costs to the health care provider and the

individual, changes in productivity, and direct programme costs. However, component

costs are presented to allow analysis from a programme funder's perspective also, in

order to facilitate comparison with other studies.

3.4.3 Outcome Measures

The primary outcomes measured for the cost-effectiveness study were the incremental

cost of change, over a one-year period, in self-reported physical activity. Physical activity

was measured in terms of total energy expenditure and leisure-time moderate- and

vigorous-intensity activity energy expenditure, which allowed comparison of cost-

effectiveness with two community-based physical-activity interventions from the

literature (Sevick, Dunn et al. 2000). In addition, the cost of moving one sedentary person

into the 'active' category was also calculated to facilitate comparison with the cost-

effectiveness of another primary care-based physical-activity intervention (Stevens,

Hillsdon et al. 1998).

3.4.3.1 Cost-Effectiveness Variables

The cost of the programme was calculated by costing all components of the intervention

development and delivery. This included general practitioner and practice nurse time,
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government subsidies, and cost to the patient. Green Prescription resources, Sport

Foundation and Hillary Commission personnel and overhead expenses for the twelve

months of intervention, as well as set-up and naining costs, were obtained from the

respective organisations. Self-reported costs to the individual were also compared

between the control and intervention groups. These costs included exercise equipment

purchased, sports club or exercise group subscriptions, travel expenses to and from

exercise, and any other costs associated with exercise identified by the study participants

over the twelve months (Appendix 20).

Primary and secondary health care offset costs were calculated for each individual

participant for the 12 months prior to study enrolment and compared with the twelve

months after study enrolment. Furthermore, the costs of time off work, accident

compensation costs, and costs of allied health therapies, such as physiotherapy, for each

individual study participant were compared before and after study enrolment. Again, this

was achieved by ascertaining costs for the 12 months prior to, and 12 months

immediately after, study enrolment and intervention delivery. Details of cost

determination and sources of information for each costing category are presented below.

3.4.3.2 Programme Costs

The Hillary Commission funded the development and implementation of the Green

Prescription prograrnme. This included the development, production and distribution of
resources, such as exercise pamphlets, fridge magnets, physical activity-scoring cards,

and other educational material for general practitioners and patients. These costs also

included the installation of free telephone access for patients on the programme. The

Commission further funded the salaries of regional programme co-ordinators, a public

advertising campaign, and general practitioner training. The nationalJevel costs to set-up

and co-ordinate the progratnme, were obtained from the Hillary Commission, who were

responsible for the programme.

All costs incurred in previous years, were adjusted for inflation using the December

consumer price index (CPD from each corresponding year compared with the December

2001 CPI (Statistics New Zealand 2003). A discount rate of 5Vo was used ro calculate
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present equivalent values of programme costs from 1996 to 2001 (Drummond, O'Brien et

al. 1997). All costs are reported as New Zealand, dollars. Where comparisons with
programmes from the United States or the United Kingdom were carried out, values were

converted to the New Zealand dollar according to the exchange rate of December 2001

(Reserve Bank of New Zealand 2003).

Actual regional Sports Trust personnel and overhead costs, associated with the

programme, were obtained from the Trust's accounting department for the year

2001120[.2. Average wage costs rather than marginal costs were used, as the exercise

specialists were perrnanent staff of the regional Sports Trust. Delivery costs of the

progriunme within the general practice were estimated using usual consultation charges

for participating practices, national award rates for practice nurses, and the time,

estimated by general practitioners and practice nurses, for programme delivery.

3.4.i.3 Patient Exercise Cos/s

Costs to the patient, which were hypothesised to be linked to the intervention, were

obtained from participant questionnaires during the trial. These costs included self-

reported purchase of exercise or sports shoes, membership fees to exercise groups! costs

of exercise equipment, other costs associated with exercise, and travel to and from the

Iocation of exercise or physical activity. The costs were calculated for the l2-months
between baseline and follow-up. The average costs for the intervention group were

compared with the control goup to obtain the incremental cost of exercise to the patient.

Transport costs to and from exercise-venues were calculated using self-reported distance

to activity venue and a running cost of 16.6 cents per km. This running cost was based on

calculations carried out by the, New 7*aland Automobile Association for an average size

car of 1601 to 2000 cc engine capacities. (Figures supplied by the New Zealand

Automobile Association.) The fixed cost of 50 cents per kilometre, which is calculated

from the estimated total daily fixed cost of owning a car, was not included. It was

assumed that the study participants would have owned the vehicle regardless of the

exercise.
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A conservative intention-to-treat analysis was carried out. As intervention participants

tend to spend more on exercise-related costs than control participants, it was assumed that

those who did not attend follow-up had costs equivalent to their corresponding group.

3.4.3.4 Primary and Secondary Heakh Care Offset Costs

Costs to the patient and to the health funder were recorded for the year prior to each

patient's enrolment in the study and compared with conesponding costs for the year

following enrolment. For each study participant, actual number and type of general

practice consultations were obtained from practice records. Numbers of accident-related

visits to physiotherapists, chiropractors and osteopaths were obtained from patient

questionnaires. Usual consultation charges for each general practice in the region were

obtained at baseline, and average charges calculated foreach consultation type.

As the consultation charges to patients were taken half way through the two-year period,

the same estimations of charges were used in calculations for the year prior and the year

after baseline. However, it was also assumed that consultation charges increase from year

to year, approximately equal to inflation. Therefore, using the one rate for both years

meant that adjustment for inflation was not required. Actual government subsidies for

each type of consultation were used. These subsidies did not change over the study

period. Health funder costs were therefore adjusted for inflation using the consumer price

index ratios of December 2001 compared with December 2000.

Patient charges and subsidies vary according to the type of consultation (e.g. accident or

non-accident) and the socio-economic and health-service utilisation status of the patient.

During the 2000-2001 period, patient charge-rates for each participating practice were

recorded for patients with a low-income 'community-services-card' (A1) or a high-user-

card (AZ) (those who have consulted with the general practitioner at least 12 times in the

previous 12 months). The charges for those without a subsidy card (A3) were also

recorded. Government subsidies for each general practitioner consultation were $15.00

for Al and AZ visits (non-accident-related A3 consultations receive no government

funding), and $26.00 for all accident-related visits. The Accident Compensation
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Corporation reimbursed ACC-registered physiotherapists, chiropractors and osteopaths at

a rate of $19.00 per visit. (Personal communication with ACC.)

Each person in New 7*aland has a National Health Identifier (I.IHI) number, which

operates as a unique identifier in primary and secondary health care. The use of this

identifier allows tracking of individual primary and secondary health care utilisation.

Actual hospital in-patient, out-patient and investigation costs were obtained from the

local district health board, which recorded actual costs for each patient from all public

regional and base hospitals in the district. These costs were adjusted for inflation using

the CPI ratio explained above. Costs for private hospital-use could not be obtained and

were excluded from the analysis. However, self-reported private hospital admission-rates

were recorded.

The intention-to-treat analysis of health care costs was conducted assuming that there was

no change in the rate of health care provision for those in whom data were missing at

follow-up.

3.4.3.5 Inss of Productivity Costs

The change in the number of days of illness- and accident-related leave taken from the

year before and the year after enrolment in the study, for the intervention and the conhol
groups were obtained from self-report. The average wage for the June quarter from
wages' salary and self-employment for those in paid employment was $121.80/day for
2000 and $128.2o/day for 2001 (Statistics New Zealand 2003). These figures were used

to calculate the cost of loss of productivity due to illness and accident for the year prior to
baseline compared with the year after baseline. All costs were adjusted for inflation using

the 2001/2000 CPI index ratio to calculate the incremental change in loss of productivity

in the intervention and control goups.

The intention-to-treat approach assumed that there was no change in productivity costs

over the two years for missing data and for those retired.
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3,4.4 Analysis

Actual costs were collected wherever possible for each participant. The differences in

change in healthcare and productivity offset costs to the patient and funder for
intervention patients compared with control patients, were analysed using a random

effects multiple regression model, allowing for clustering by practice, in STATA.

Differences in the costs associated with exercise for participants for intervention

participants compared with control participants were calculated using the same regression

model. Offset costs were included in the final calculation of cost-effectiveness ratios,

regardless of whether the difference reached statistical significance. This was because the

exclusion of non-significant cost differences may risk a type-2 error because of
inadequate sample size. However, 95Vo confidence intervals were included to

demonstrate the range of uncertainty.

Cost-effectiveness ratios were calculated for the Green Prescription programme

compared with usual care for incremental changes in physical activity. These outcomes

were chosen to allow comparison with other cost-effectiveness analyses in the literature

(Stevens, Hillsdon et d. 1998; Sevick, Dunn et al. 2000). All analyses were carried out

using an intention-to-treat approach, as stated above. The results from these analyses are

presented in Chapter 4, section 4.4.

3.5 Conclusion of Methods

This chapter presented the methods of the three related studies that were necessary to

perform a comprehensive evaluation of the Green Prescription intervention in general

practice. Before the intervention could be evaluated, a reliable and valid method for
assessing physical activity amongst 'less-active' adults in primary care had to be

established. Next, the methods to test the effectiveness of the intervention were described.

Establishing effectiveness is necessary before conducting a cost-effectiveness evaluation,

yet the collection of costing data is best achieved prospectively (Drummond, O'Brien et

al. 1997). The methods used to conduct the cost-effectiveness study were described in the

final part of this chapter. The next chapter presents the results of these three studies.
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4 Results

4.1 Introduction

This chapter presents the results from the three inter-related studies that make up this

thesis. The first section summarises the results from the test-retest reliability and validity

study of the two physical activity questionnaires selected and adapted for use in primary

health care research. The second section describes the findings from the pilot study and

the cluster randomised controlled trial of the Green Prescription intervention in primary

health care. The third section presents the cost-effectiveness evaluation of the Green

Prescription that was undertaken alongside the randomised controlled trial. A discussion

of these results is included in Chapter 5.

4.2 Results of the Physical Activity Questionnaire validity and

Reliability Study

4.2.1 Introduction

The reliability and validity of the physical activity questionnaires that had been adapted

for use amongst less active adults in primary care were assessed to ensure a valid measure

of physical activity could be chosen for the subsequent randomised controlled trial. The

physical activity questionnaires assessed in this study included the Auckland Heart Study

(AHS) and the Green Script snrdy (GSS) quesrionnaires Appendices I and 2).

4.2.2 Participation Rates

Over the five days of recruiting in the two general practices, 147 patients aged from 40 to

79 years attended. Participation rates are outlined in Figure 4-1. Eighteen of these patients

were acutely unwell, tvere not eligible on medical grounds, or were missed by the

receptionist, so were not screened for the study. Of the 129 who were screened at the

reception desk for 'inactivity', 40Vo (n = 5l) were identified as 'less active' and invited to

take part in the study. Eighty percent (n = 40) agreed to take part in the reliability and
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validity study, although the test-retest study was completed by TlVo (n = 36) and the

validity study was completed by 67Vo (n = 34).

Figure 4'l Participation Rates in the Physical Activity Questionnaire Reliability and
Validity Study

18 excluded on
medical or other
srnrrnds

78 too active

I I declined

2 did not complete

2 did not complete

2 diaries filled out
inadequately

4.2.3 Participant Characteristics

Seventy-five percent (30/40) of participating subjects were female. The average age was

59 years (sd 9.4) and the mean body mass index was 2g.9 kd.' Gd 6.e. There was a

wide range of educational levels. While l2.5Vo (5/40) held tertiary qualifications, 60Vo

(24140) did not complete secondary school. Ethnic diversity was representative of the

region with ll%o MEori (4140) andg}Vo New Zealand European.

147 patients (40-79 years of age) visited
four GPs from 2 practices over 5 days.

129 screened for inactiviW

5 I "less-active" patients eligible

40 consented & filled out AHS questionnaire at practice (7gVo).

38 completed GSS questionnaire at pracrice (75Vo)

36 repeated AHS questionnaire after l-2 weeks,
completed 7-day diary, and wore pedometer for 7 days

34 completed 7-day diary adequately (677o)
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Table 4-l shows physical activity variables estimated from the 7-day diary, the two

administrations of the AHS questionnaire and the GSS questionnaire. The mean number

of steps taken per day was 8,238 (sd 3,267).

Table 4-l Estimated Means for Total Energy Expenditure (kcal/kg/wk), Total
Moderate and Leisure Moderate Activity (hours/week) from the AHS
Questionnaire, 7-day Diary and GSS euestionnaire

N Mean sd

Total energy

AHS, lst

Total energy

AHS,2nd

Total energy

74ay

Total energy

GSS

40 272.66 37.82

36 27r.7r 36.44

34 272.13 27.46

38 258.34 32.W

Total moderate

AHS. tst 40 15.60 15.53

Total moderate

AHS.2nd 36 15.84 14.58

Total moderate

74ay 34 16'00 lI;4

Total moderate

GSS 38 9.49 tr.57

Irisure moderate

AHS, lst

Leisure moderate

AHS,2nd

Leisure moderate

7Aay

kisure moderate

GSS

40 3.4A

36 3.69

34 3.82

38 r.96

4.53

5.23

5.28

3.52
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4.2.4 Reliability of the AHS Questionnaire

There was good test-retest reliability for total energy expenditure, total moderate and

leisure moderate activity estimated by the AHS questionnaire. Intraclass correlation

coefficients (r = O.52 to 0.81) and Spearman's correlation coefficients (r = 0.48 to 0.71)

are presented in Table 4-2. Test-retest reliability of the GSS questionnahe has been

established previously and was not carried out in this study (Swinburn, Walter et al.

1998). Spearmans' rather than Pearsons' correlation coefficients were used because of the

non-parametric distribution of this data.

Table 4-2 Test-Retest Reliability of the AHS questionnaire: Intraclass Correlation
Coefficients (ICC) and Spearman's Correlation Coefficients (SCC) for Total Energy
Expenditure, Total Moderate and Vigorous Activity and Leisure-time Moderate
Activity

N I. C.C. P value S.C.C. P value

Total energy expenditure

Total moderate activity

Total vigorous activiry

Leisure-time moderate activity

36

36

36

36

0.81 <0.01

0.74 <0.01

0.52 <0.01

0.61 <0.01

0.71 <0.01

0.59 <0.01

4.67 <0.01

0.48 <0.01

4.2.5 Validity of the AHS and the GSS Questionnaires

4.2.5J Comparisonwith the 7-day Diart

Spearman's correlation coefficients of the AHS questionnaire and the GSS questionnaire

compared with the 7-d'ay diary are presented in Table 4-3. Correlation coefficients were

moderate for total energy expenditure (r = 0.59 to 0.74), total moderate activity (r = 0.50

to 0.72),leisure moderate activity (r = 0.52 to 0.59), and leisure vigorous activity (r =
0.39 to 0.99). Very few participants took part in vigorous activiry. Consequently,

vigorous activity conelation coefficients were more variable.

133



Table 4'3 Validity of the AHS Questionnaire and the GSS Questionnaire compared
with the 7-day Diary for Total Energy Expenditure, Total Moderate Activity and
Leisure Moderate and Vigorous Activity using Spearman's Correlation Coefficients

lst AHS' P value

n=34

2d AHS" P value

n =32

GSS* P.

n = 33 value

Total energy expenditure 0.59

Total moderate activity 0.50

l.eisure+ime moderate activity 0.52

Leisure+ime vigorous activity 0.39

<0.01

<0.01

<0.01

<0.01

0.74 <0.01

0.72 <0.01

0.59 <0.01

0.65 <0.01

0.66 <O.01

0.60 <0.01

0.55 <O.01

0.99 4.01

'1" AHS: First administration of the Auckland Heart Study questionnaire. "2t AHS, Second
administration of the Auckland Heart Study questionnaire. #GSS: 

Green Script Study
questionnaire

Mean differences for paired estimates from the AHS questionnaire and the 7-day diary,

for total energy expenditure (O.29Vo), total moderate activity (3.96Vo\, and leisure-time

moderate activity (I.57Vo), were very small and not statistically significant. These

differences are also depicted in the Bland-Altman graphs of total moderate activity and

total energy expenditure of the 7-day diary compared with the AHS questionnaire in

Figure 4-2 (a and b). These graphs show mean discrepancies close to zero, but large

standard deviations of discrepancies. By contrast, the GSS questionnaire tended to
underestimate all activity categories (by 5.93 to 43.Q87o) by statistically significant

amounts (p < 0.01). These underestimates are depicted graphically in the Bland-Altrnan

graphs in Figure 4-2 (c and d).
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Figure 4-2 Bland-Altman Graphs of the Auckland Heart Study (AIIS) and Green
Script Study (GSS) Questionnaires compared with the 7-day ni"ry Estimations of
Total Moderate Activity and Total Energy Expendihrre GEE)
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c) Gss vs.7'day Diary for Totar Moderate Activity (hours/week)
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4.2.5.2 Comparison with the 7-fuy pedometer Record

Table 4-4 shows modest correlation between the physical activity questionnaires and
pedometer records for total number of hours of moderate activity (r = 0.37 to 0.61) and
total energy expenditure (r =0.22to 0.50).
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Table 4'4 Validity of the AHS Questionnaire, and the GSS Questionnaire, compared
with the Pedometer recording for Total Moderate Activity and Total Energy
Expenditure using Spearman's Correlation Coefficients

lst AHS'P value

n=34

2d AHS" P value GSS# p- value

n=32 n = 33

Total Moderate Activity

Total Energy Expenditure

0.61 <0.01

0.50 <0.01

'1" AHS: First administration of the Auckland Heart Study questionnaire. "2d AHS: Second
administration of the Auckland Heart Snrdy questionnaire. #GSS: 

Green Script Study
questionnaire

4.2.6 Summary

Test-retest reliability of the AHS physical activity assessed l-2 weeks after initial

administration produced Spearman's correlation coefficients of 0.48-0.71 and inhaclass

correlation coefficients of 0.52-0.81 for different physical acrivity measures (p<0.01). In

comparison with the 7-day diary, Spearman's correlation coefficients were 0.39-0.74 for

the AHS questionnaire and 0.55-0.99 for the GSS questionnaire (p<0.01). The Bland-

Altman graphs showed that activity levels tended to be underestimated by the GSS but

not by the AHS questionnaire, when compared with the 7-day diary. In comparison with

pedometer counts, Spearman's correlation coefficients for leisure time moderate or

vigorous intensity activity were 0.37-0.51 for the AHS questionnaire and 0.61 for the

GSS questionnaire (p<0.05).

4.3 Results of the Cluster Randomised Controlled Trial of the Green
Prescription

4.3.1 Introduction

This section presents the results from the pilot study, followed by the results from the

main study, the cluster randomised controlled trial of the Green Prescription intervention

in primary health care.

o.37

0.22

0.03

0.22

0.51 <0.01

0.49 <0.01
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4.3.2 Results of the Pilot Studv

4.3.2.1 Pilot Study Participation Rates

The pilot study involved two general practices. A coin was tossed to allocate one practice

to intervention (to receive the Green Prescription intervention from their general

practitioner) and the other practice was allocated as a control group. Patients were

screened over a one-week period and 2l patients were enrolled from each practice.

During the recruitment week, 147 patients in the 40-79 year age group were eligible for
physical activity screening at the reception as they entered the practice for their usual

consultations. Eighty-eight percent (129/147) of patients in the age group received a

screening form. Twelve percent were missed due to the patient being ineligible, or to lack

of time. Of the 40Vo (5llL29) of patients identified as 'less active', 82Vo (42/51) agreed to

participate in the intervention pilot study, slightly more than in the reliability and validity

study.

4.3.2.2 Pilot Study Participant Characteristics

Thirty-one participants were female, and 11 were male. Four participants identified

themselves as M6ori and one patient dropped out of the study over the next 3 months.

Pilot study baseline cross-sectional cardiovascular risk factors and physical activity

characteristics are presented in Table 4-5.

The proportion of screened patients identified as 'less active', was similar to the

proportion of 'less active' adults in the New Zealand public (approximately 40Vo)

(Ministry of Health 1998).
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Table 4'5 Pilot Study Mean Baseline Characteristics of Intervention and Control
Patients

Characteristic Intervention Group
Mean (SD) n=21

Control Group
Mean (SD) n=21

Age (years)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Weight (kg)

Body mass index (kg/m2)

5e.2 (10.1)

t36.2 (r7.7)

82.9 (e.7)

8l.l (17.4)

2e.3 (6.3)

57.e (8.e)

133.6 (19.3)

80.9 (r2.6)

77.2 (r7.0)

28.s (6.3)

s.e (1.2)

I0.s (r2.4)

2s1.6 (39.8)

Cholesterol concentration (mmolll) 5.5 (0.9)

5-yr cardiovascular disease risk (7o) 8.7 (6.0)

Total energy expenditure
(Kcal&g/week)

243.1(2s.0\

Leisure moderate activity (hrslweek)

4.3.2.3 Pilot Study Final Resuhs: Physical Activity Outcomes

Study patients were co-ordinated at their original practices for follow-up measures, two

months after baseline and delivery of the intervention. Measures were taken by the

researcher. Change over time in physical activity, cardiovascular risk, blood pressure,

serum cholesterol concentrations, and quality of life SF-36 variables, were the efficacy

variables. Intervention results were compared with those of the control group and

analysed using the SPSS statistical package.

Self-reported leisure+ime moderate-intensity activity increased by 2 hours per week in

the intervention group and 6 minutes per week in the control group (p < 0.01). Self-

reported leisure-time vigorous-intensity activity increased by 19.6 minutes per week in

the control group and 14.6 minutes in the intervention group. This difference was not

statistically significant. Total energy expenditure increased by 8.8 kcal/kg/wk in the

control grouP and L4.7 kcal/kg/wk in the intervention group. This difference was not

statistically significant although there was a significant increase in total energy

expenditure from baseline, in the intervention group only (p < 0.01).
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Figure 4-3 Pilot Study Mean Changes in Physical Activity Variables, Leisure-time
Moderate and Vigorous-Intensity Activity (minutes per week) and Total Energy
Expenditure (kcaukg/week), for Intervention and contror patients

L20

100

Minutes
per week
or KcaU
kg/week D Control

I Intervention

L.Vig.Act TTE

'L. Mod' Act.' refers to leisure-time moderate-intensity physical activity. 'L. Vig. Act.' refers to
leisure-time vigorous-intensity physical activity. 'TTE' refers to total energy expenditure

4.3.2.4 Pilot Study Final Results: Health Outcomes

Systolic blood pressure decreased by 8.2 mm Hg in the control group and 8.3 mm Hg in

the intervention group. There was no statistically significant difference between the

groups, but both decreased significantly from baseline (p < 0.01). Diastolic blood

pressure decreased by 3.1 mm Hg in the control group and by 7.95 mm Hg in the

intervention group. The decrease from baseline was statistically significant in

intervention goup (p < 0.01) but not in the control group. Difference between the groups

did not reach significance (p = 0.08), but a trend was evident. Mean changes in blood

pressure in the intervention and control groups, are depicted in Figure 4-4. Of note was

the fact that one patient in the intervention group, and two patients in the control group,

had blood pressure lowering medications cornmenced or added, during the study.

L. Mod. Act
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As well as a decreasing trend in blood pressure, there was also a trend in weight
reduction' weight decreased in both groups by 0.73 kg, which was not a significant
reduction. Body mass index (BMI) decreased by 0.9 kg/^, in the control $oup and l.l
kdt2 in the intervention group' These reductions were not statistically significant. Total
cholesterol increased in the control group by 0.2 mmol/L and decreased by 0.lg mmol/L
in the intervention group' which was a statistically significant difference (p < 0.05). High-
density lipoprotein concentration (HDL) increased in the control group by 0.05 mmoul
and decreased by 0'02 mmol/L in the intervention group, which was not a statistically
significant difference. Total cholesterol: HDL ratio decreased by 0.06 in the control
group and by 0'07 in the intervention group (not significant). Absolute 5-year
cardiovascular risk decreased by |.9vo in the contror group and by |.6% in the
intervention group.This represented a relative risk reduction of lgvo inboth groups.
These changes were not significantly different from each other or from baseline (Figure
4- s).

Figure 4'4 Pilot Study M:ln change in systolic and Diastolic Blood pressure for theIntervention and contror patienh,lrom Baserine to 2-month Foilow_up

Mm/Hg

SBP DBP

'SBP' refers to systolic blood pressure; ,DBp. 
refers to diastolic blood pressure
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Figure 4-5 Pilot Study Mean Changes in Lipid Concentrations (mmoUl) and S-year
Cardiovascular Relative Risk Reduction (proportion) for Intervention and Control
Patients from Baseline to 2-Month Follow-up

0.2

0.1

0.1

0.05

0

-0.0s

-0.1

EControl
llntervention

-0.1

-0.2
Cholesterol TC:IIDL SyT CVD RRR

nfIDL' refers to highdensity lipoprotein concentration; .TC' refers to total cholesterol
concentration; 'CVD RRR' refers to cardiovascular disease relative risk reduction

Changes in quality of life SF-36 scores showed mixed results, as depicted in Figures 4-6

and 4-7. Only two outcomes demonstrated statistically significant differences in change

between the intervention and conEol groups. These included role physical and social

functioning, in which there was a statistically significant improvement amongst the

control group compared with the intervention group (p < 0.05).

Ftgure 4-6 Pilot Study Mean Changes in SF-36 Qualif of Life Scores for Physical
f,'unction, Role Physical and Bodily Pain, for the Intervention and Control Patients
from Baseline to 2.month Follow-up

E Control

llntervention

Bodily PainPh. Func Role Phys
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l0
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Figure 4'7 Pilot Study Mean Changes in SF-36 Quality of Life Scores for General
Health, vitality, Social Functioning, Role Emotional and Mental Health, for the
Intervention and Control Patients from Baseline to 2-month Follow-up

E Control

I Intervention

G.Health Vitality Soc.Func
R. Emot M. Health

4.3.2.5 Acceptability of the Pilot Study Protocol

The recruitment protocol was well tolerated by the staff and patients of the pilot practices

and was an efficient way of identifying 'less active' patients. The proportion identified as

'less active' was similar to the prevalance of 'less active' adults in the New Zealand

public. Rates of participation and follow-up were high. Baseline and follow-up

measurement techniques were also well-tolerated, and fitted in with the practice timetable

with minimal disruption.

However, the point-of-care finger prick testing of lipid concentrations showed some

variablility when repeated tests were done on the same sample. In addition, although

there was high correlation between HDL point of care and laboratory estimates (0.99,

p<0.01), with no statistically significant difference between the two methods, there was a

statistically significant difference between the point of care machine and the laboratory

t6

l4
t2

l0
I
6

4

)

0
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estimation of cholesterol concentration (p<0.05). Therefore, it was decided to use

laboratory testing of venous samples for lipid concentration determination in the main

study cluster randomised controlled trial.

It was also established that the screening procedure was likely to identify a significant

number of people with previous cardiovascular disease. Therefore, the Framingham

equation, which was used to estimate S-year cardiovascular risk in the pilot study, would

not be suitable for those people. Accordingly, it was decided to use 4-year coronary heart

disease risk in the main Green Prescription effectiveness trial (Framingham equation for

those without previous cardiovascular disease and D'Agostino equation for those with

previous cardiovascular disease). The rationale for this decision is explained more fully in

Chapter 2, section 2.2.3.

Apart from these issues, the study protocol underwent minimal change for use in the main

cluster randomised controlled trial which commenced two months later, in April 2000.

4.3.3 Results of the Cluster Randomised Controlled Trial of Green Prescription
Intervention

The cluster randomised controlled trial was conducted following the completion of the

pilot study, which enabled the study protocols to be refined and sample size calculations,

checked. The rest of this section presents the results from the main study, the cluster

randomised controlled trial. These results represent an assessment of the effectiveness of
the Green Prescription in primary health care, with respect to change in physical activity,

quality of life, 4-year coronary heart disease risk and blood pressure. The reporting ofthe

randomised controlled trial meets the CONSORT statement requirements.

4.3.4 Participation Rates

One hundred and fifty-nine general practitioners were identified from registers of medical

practices in Central and Eastern Waikato and invited to participate in the study. Figure 4-

8 depicts the practice recruitment rate. Seventy-four percent (ll7 general practitioners

from 42 practices) agreed and took part. A further four practices had initially agreed to
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participate, but had subsequently withdrawn prior to the commencement of patient

recruifinent at their practices. ThE reasons for their attrition are discussed below.

Figure 4-8 Process of Rccruitment of General Practitionens and Randomlsation of
Practices in the Green Prescription Cluster Randomised Controlled Trial

Rolling recruitrtent of patients from the 42 practices occurred over the next 12 months.

Researchers spent approximately 5 days at each practice, alternating control and

inlervention practices. Approximately 8-10 patients, per full-time equivalent general

practitioner per week, were enrolled in the study. Figure 4-9 shows the process of patient

screening, recruitment and follow-up. Of the 3,433 patients aged 40-79 and attending the

study practices over the recruiting period, 33 were too unwell to be screened for
inactivity. From the remaining 3,400, 88Vo (n4,984) were screened for inactivity at the

reception desk. The other l2Vo were missed or declined screening. Forty-six p€rcert (n =
1,364) of those screened were identified as sedentary. Forty-two patients (4?o) were

found to be ineligible prior to enrolment, due to medical exclusion criteri4 age, or thcy

were planning to leave the area within the next 12 months. Sixty-seven percent (n = 878)

Practices withdrawn prior to patient rmruitment (rc4):
'4 GPs goirg overceas (rcl)

2 GPs with staffing diffialties (rr2)
.1 GP:CIher(rcl)
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of screened eligible patients were enrolled in the study. Again, the process of screening,

recruitment, and enrolment, was well tolerated by practice staff and patients.
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Figure 4-9 also shows that l2-month follow-up measures were completed in 857o of
participants (n=750). This follow-up rate was substantially higher rhan had been

allowed for in sample size calculations. Furtherrnore, attrition rates were very similar

in control and intervention goups. While some of the non-attendees declined to

attend follow-up, most did not return because they had moved out of the study area, or

because they could not be traced by the researchers. There were nine deaths over the

period, six in the control group and three in the intervention group.

Post-enrolment, 15 patients (1]7o) were found to meet the exclusion criteria or did

not fulfill age criteria. These included nine patients found to meet medical exclusion

criteria (four control patients and five intervention patients) (Table 4-6). The general

practitioners of the patients with high blood pressure or cholesterol readings were

informed of the high readings, with the consent of the patients. Three control patients

were found to be over the age of 80 years at baseline and three control patients were

found to be under the age of 40 years after they had enrolled. To reduce the risk of

recruitment bias, there were no exclusions post enrolments, as discussed in section

3.3.8.1 of Chapter 3. Therefore, results from these 15 patients were included in the

analysis.

Table 4-6 Patients found to have Medical Reasons for Exclusion Post-Enrolment

F
F
F
M
M
M
F
F

c
C
I
I
I
C
I
C

Intervention Sex ) Reason
IF BP = 199/130 mmHg

Chol = 9.13 mmol/l
DBP = l2l mmHg
Chol= 10.27 mmoUl
BP = 169/130
Acutely unwell & progressive illness
Advanced cancer
BP = 2l3ll30 mmHg
BP = 163/122 mmHs

'I' refers to intervention; 'C' refers to control. 'F' refers to ferule; 'M' refers to male; 'BP'
refers to blood pressure in mm Hg. 'DBP' refers to diastolic blood pressure. 'Chol' refers to
cholesterol concentration in mmol/L. 'se' refers to serious condition.

Eight participants (0.9To) did not complete major sections of the baseline measures,

usually due to time constraints. These included five intervention patients and three

control patients. Missing data from these cases were treated in the same way in the

analysis as with patients that did not attend follow-up. In other words, no change was

assumed over the twelve months where data were missing.

60
53
49
64
70
73
74
54
75
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4.3.4.1 Practice Attrition

All practices that commenced patient recruitment completed the entire study. Four

practices (7 general practitioners) of the 46 randomised, dropped out before patient

recruitment at their practices commenced. One practice did not participate following

randomisation because there was a change in practice management. Two other solo

practices withdrew just before recruitment started at their respective practices, near

the end of rolling recruitment because of unexpected staffing problems. Lastly, a 4-

GP practice also withdrew. This practice had already had their week of study

participation postponed twice, once by the researcher and once by the practice.

Several of the general practitioners then arranged a temporary exchange with

practitioners from the United Kingdom, who had not agreed to take part in the study.

In addition, time and space became an issue, so the practice withdrew from the study.

Again, this was towards the end of the rolling recruitment phase. All four practices

that withdrew were control practices.

4.3.5 Participant Characteristics

4.3.5.1 Practice and General Practitioner Characterhtics

Practices were stratified according to size, being divided into three categories of solo

(n = l8), two or three general practitioners (n - t7), and more than three general

practitioner (n = ll) practices. Twenty-one practices were situated in rural or semi-

rural towns, and 2l practices were situated in an urban area (Hamilton). Twenty-eight

percent of the ll7 participating general practitioners were female (n = 33).

Characteristics of the participating general practitioners are presented in Table 4-7.

Table 4-7 Characteristics of General Practitioners

General Number Full+ime Part+ime ln solo practice In large practice
practitioner (7o of total) (% of group) (Vo of group) (Vo of group) (>3Gps)

(7o of group)

Male

Female

Total

84 (72vo)

33 (28Vo)

lL7 (rNEo)

8r (96To)

14 (42Vo)

95 (817o)

3 (3.6Vo)

19 (58Va)

22 (I9Vo)

14 (I7vo)

5 (l1%o)

19 (L6Vo)

38 (45Vo)

L6 (48Vo)

54 (46Vo)

'Full time' refers to at least 8 tenths or four full days per week. 'Part time' refers to less than
this amount.
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4.3.5.2 Patient Demographic Characteristics

Baseline characteristics of all patient participants were assessed. Sixty-six percent of

study participants were female (n = 582). Educational levels and socio-economic

status were similar to the age-matched general population. Fifty-four percent of study

participants had a school or other qualification (n = 470) compared with 56Vo in the

age-matched general population @epartment of Statistics New T;;aland 2OO2). A

community services card is a nation-wide measure of lower income, and was held by

48Vo of the study population over 45 years of age, compared with 43Vo of the general

population aged over 45 @epartment of Statistics New Zealand 2002). Ethnicity of

study participants was reflective of the general population with 777o Caucasian and

lTVo Mdodl compared with 807o and l1Vo, respectively, nation-wide @epartment of
Statistics New Zealand 2002). The other 6Vo of study participants were from of other

ethnic groups.

4. 3. 5. 3 Patie nt C ardiovas cular C haracte ristic s

Within the study population, there were high rates of hypertension (52Vo), diabetes

(lo.Svo), obesity (43vo), and previous cardiovascular disease (L9vo). Using the

Framingham and D'Agostino equations, the average 4-year coronary heart disease

risk was 5.6Vo and the average 4-year cardiovascular disease risk was 7.7Vo

(Anderson, Odell et al. l99l; D'Agostino, Russell et al. 2000). Seventy-eight percenr

of participants were overweight (BNfl > 25) and 4l7o were obese (BMI > 30). Ninety-

three percent of participants had at least one risk factor for cardiovascular disease.

These risk factors include blood pressure of greater than 150 mm Hg systolic or 90

mm Hg diastolic, body mass index greater than 25, total cholesterol: FIDL ratio

greater or equal to 6.5, smoking, or previously diagnosed hypertension, diabetes or

cardiovascular disease. These are characteristics identified in the Activity Counselling

Trial as cardiovascular risk factors (The Writing Group for the Activity Counseling

Trial Research Group 2001). (However, total cholesterol: HDL ratio rather than LDL

and a threshold blood pressure of 150/90 mm Hg, rather than 140/90, were used to

define hypertension in the current study).

The prevalence of hypertension was high amongst study participants compared with

New Zealand average values for similar age groups. The 1996/97 New Zealand
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Health survey found the prevalence of diagnosed hypertension from self-report for

age groups 45-64 and 65-74 years, was l8.2%o and 45Vo, respectively, compared with

32.9Vo and 50Vo of age-matched study participants (Ministry of Health 1998). If those

with blood pressure greater than 150/90 mm Hg are added to "diagnosed

hypertensive",4S.SVo and67.5Vo of study participants for the two age groups were

hypertensive. As the New Zealand Health survey figures do not include undiagnosed

hypertensive adults, data from the Auckland Heart and Health study were also used

for comparison. This Auckland study was a population-based survey of Auckland

residents and included data on New Zealand, prevalence of previously diagnosed and

undiagnosed hypertension (Trye, Jackson et al. 1996; Bullen, Simmons et al. 1998).

The Auckland study used similar methodology to that of the present study although it

involved a random sample of non-Mdori. Therefore, comparisons in Figure 4-10

include results for non-Mdori only.

The prevalence of self-reported diabetes was also high compared with the age-

matched New Zealand population estimates (Figure 4-l l), (Ministry of Health 1998)

and the South Auckland population estimates (Figure 4-12) (Simmons, Harry et al.

1999; Kenealy, Scragg et al. 2000).

Figure 4-10 Prevalence of Hypertension in Study Participants compared with the

New Zealand Population Prevalence* (non-Meori only)

80

70

60

50

40

30

20

10

0

Men 35€4 yrs Women 35€4 Men 65-74yrs Women 65-74
yrs yrs

Age and gender catogorles

*(Trye, Jackson et al. 1996; Builen, Simmons et al. 1998)
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Figure 4'11 Prevalence of known Diabetes amongst Study particlpants compared
with New Zealand Population Estimates*
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'yrs' refers to years of age; 'NZ' refers to New Znalandprevalence; .Study popn., refers tostudy population; *(Ministry of Health lggg)
Figure 4-12 Prevalence of known Diabetes amongst Study participants comparedwith New Zealand estirnates by Age and Ethnic d.oop

30

25

20

;qls
10

5

0

t€
$ndy bpn.

4S49 40-49 S&99 g&S9 60+ 6(h tutaori
Erropean lylaori Erropean tvlaori &ropean

Age and Ethnlc group

r52



Mean cardiovascular and physical activity variables are presented in Table 4-g.
cardiovascular characteristics of study participants were compared with the age- and
gender-matched population. Table 4-g compares mean values for this study
population with average values obtained from a cross-sectional random sample of
Auckland non-Maori adults in 1993-1994 (Jackson, yee et al. lgg5; Bullen, simmons
et al' 1998)' Mdori within the study were excluded from this analysis, also, to match
the ethnic composition of the comparison population. The study population has been
categorised by gender and in the age groups of 40-64years and 65-g0 years, in order
to be more comparable to data from the lgg3-lgg4 population estimates. The 1993-
1994 population estimares used the categories of 35-64 years and 65-g4 years.

Smoking rates among study participants were not significantly different from
population rates, and lipid profiles were similar or better than those of the
comparative population. However, mean systolic and diastolic blood pressure and
mean body mass index of the study sample were higher when compared with all age-
matched general population categories except for systolic blood pressure for those
over 65 years (Jackson, yee et al. 1995; Bullen, Simmons et al. l99g).
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Table 4-8 Physical Activity and Cardiovascular Measures of the Study
Population at Baseline

Men

mean (sd )

Women

mean (sd )

Age

Total energy expenditure

(kcaVkg/day)

Total leisure energy expenditure

(kcaUkg/day)

l.eisure moderate or vigorous

activity (minutes per day)

Weight (kg)

Body Mass Index (kg/m2)

Systolic Blood Pressure

(mm Hg)

Diastolic Blood Pressure

(mm Hg)

Total cholesterol (mmol/L)

High density lipoprotein

(mmol/L)

TC:HDL ratio

4-year risk of coronary heart event*

4-year risk of cardiovascular

event*

s7.52 (11.3s) 878

33.08 (5.31) 873

0.79 (1.32) 873

10.49 (r7.77) 873

78.84 (18.85) 871

30.22 (1.rs) 867

134.46 (r9.r7) 875

80.81 (11.75) 87s

5.82 (1.00)

1.42 (0.38)

728

728

4.36 (r.32) 728

3.73 (4.03) 728

5.68 (s.29) 728

58.s9 (10.7s)

3s.23 (7.59)

1.09 (2.19)

t3.9s (26.34)

8e.02 (16.68)

2e.40 (5.10)

136.70 (r7.89)

84.62 (tz.ss)

s.48 (1.03)

l.16 (0.30)

4.96 (r.39)

9.36 (7.46)

r 1.68 (8.46)

N = sample size; sd = standard deviation; HDL = high density lipoprotein; TC = total
cholesterol:

* using the Framingham (Anderson, Odell et al. 1990) or D'Agostino (D'Agostino, Russell et
al. 2000) equations.

NB: Five participants failed to complete most components of the baseline requirements, due
to lack of time, two patients were unable to be weighed and four patients did not have height
measures taken, two due to being wheel<hair bound and two due to lack of time. The sample
size was smaller for lipid testing, as four practices were randomly selected not to have
cholesterol testing done. This decision was justified because the sample size required to detect
a significant change in coronary heart disease risk in the trial was considered to be less than
for other outcomes.
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f (Jackon, Yee et al. 1995; Bullen, simmons et al. 1998) * statistically significantlydifference (non-overlappngglvo confidence intervals) between Auckland population andstudy population' a NZ refers to the non-M5ori population 
".ii-ur., based on the AucklandHeart and Health Study (Jackson, yee et ar. l99i; Bu[en, simmons et ar. l99s). b srudy pop

= refers to participants of the waikato Heart, Health and Activity study, excluding M6ori .The study population has been categorised by gender *a in tr," age groups of 40 to 64 yearsand 65 to 80 years' This was done in oragJld-ue ror" 
"o*p*uute 

tJoata from the-19 94 data,which were analysed in the categories of 35-64yru* unJ oi ,o a+ y"urr.

4'3'6 The Relationship between Cardiovascular Risk and Usual Level of
Physical Activity

Four-year cardiovascular risk was found to increase with advancing age, male gender,
decreasing total energy expenditure, lower socio-economic status, increasing body
mass index and MSori ethnicity. These relationships are demonstrated in Table 4-10,
which presents the findings from multivariate linear regression analysis using 4-year
cardiovascular risk as the dependent variable, grouped at the level of practice. other
variables were not significantly related to cardiovascular risk in the multiple
regression analysis. These variables included rural location, education (which is
closely linked to socio-economic status), and self-rated mental health and physical
function.

The relationship between levels of physical activity and other variables, such as
demographic and cardiovascular variables, was explored using univariate regression
analysis, adjusting for clustering by pracrice (Table 4-ll). The physical activity
variable used was total energy expenditure in kcaukg/week. However, as the data
were skewed, the natural log was used. Log-transformation produced a more normal
distribution to meet the assumptions of linear regression equations. A multiple
regression model was constructed using variables that were significant at a p < 0.05
level within the univariate analyses. However, if variables were considered to
measure characteristics with a common factor (e.g. blood pressure and cardiovascular
risk)' then only one variable was chosen for the multiple regression model. Table 4-12
shows the results of this multiple regression analysis. Lower levels of physical
activity were associated with those who were female, older, of lower socio-economic
status, taking murtiple medications, or recentry hospitarised.
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Table 4-10 Relationship of Four-year cardiovascular Risk " of study
Participants to Health, Activity and Demographic Variables (Multiple linear
regression analysis, grouped by medical practice)

characteristic Regression coefficient Std.Err p value

Female gender

Increasing age

*Increasing total energy expenditure -4.5036

nlower 
economic status

5 Maori ethniciry

Increasing BMIb

" Cardiovascular risk is measured using the Framingham (Anderson, Odell et al. 1990)
equation for those without previous cardiovascular disease. For those with previous
cardiovascular disease the estimated 4-year risk of a cerebrovascular event, using the
Ramingham equation, was added to the 4-year risk of a coronary heart disease e-vent using
the D'Agostino equation (D'Agostino, Rusiell et al. 2000) to p.ftu"" a conservative estimate
of overall 4-year cardiovascular risk.
*-The natural log of total energy expenditure (kcal/kg/week) was used in the analysis to
obtain a normal distribution for regression analyses.

# Economic status was estimated by community services card status, which is allocated
according to family income.
$ Ethnicity was analyzed as M6ori or non-Mdori, with non-Maori as the referent category.
o BMI refers to body mass index.

-7.1965

0.4120

t.6737

r.6293

0.1205

0.466

0.021

1.395

0.474

0.000

0.000

0.001

0.000

0.519 0.008

0.035 0.001
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Table 4-tl Rerationships of variabres to_Totar Energr Expenditure (fratural

,tXtlrfli 
tudv Pa rticipants. (univariate linear .;t;o;; anatysis, grouped by

Characteristic______ RegressionCoefficient 
@Female gender -o.o55o o.or2 o.ooo

Increasing age -0.0&13

Lower economic status _0.0g45

Hospitalised in last year 0.0595

CVD Risk

Total Medications

Attendance at Sec. School 0.0650

Systolic Blood pressure _0.000g

Diastolic Blood pressure 0.0007

Body Mass Index

Maori ethnicity

Smoking

Urban vs. rural

Research Assessor

HDL

Total Cholesterol

0.0005 0.000

0.011 0.000

0.014 0.000

0.0007 0.000

0.002 0.000

0.0007

-0.0193

-0.0012

-0.0081

0.011

0.0139

-0.0071

0.0101

-0.00,1

0.018

0.0003

0.0005

0.001

0.000

o.o2

o.2

0.2

0.016 0.6

0.011 0.6

0.015

0.006

0.016

0.006

0.4

0.3

0.5

0.5

'Sec' refers to secondary

158



Table 4'12 Relationships of Variables to Total Energ5r Expenditure (Natural
Log) of study Participants (Murtipre linear regressiil anilysis, groupd bypractice)

Characteristic Regression Coefficient Std. Err. value

Female gender

Increasing age

Lower economic status #

Hospitalised in last year

Increasing CVD Risk

Increasing medications

Attendance at high school

-0.0846

-0.0015

-0.0502

-0.0028

-0.0028

-0.0079

-0.0009

0.014

0.0007

0.013

0.014

0.001

0.003

0.019

0.000

0.03

0.000

0.015

0.006

0.005

0.96

# Economic status was estimated by community services card status, which is allocated
according to family income.
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43.7 Quality oflife Characterirtics

The quality of life scones for each of the eight SF-36 parameter sool€s werc examind at

baseline. Several tends with age became appar€nt For example, selflratod physical

function tended to decreasc with age, general healtb was ftirly stable acrcss age-groupo,

and mental health inoreased with age, as illusfrated in Figurc 4-13.

Figurc 4-13 Bosetne SF-35 Quality oflife Scorcs, ?hysical tr'unctiont, rGenerel

Hcahh', and 'MentelHclhh', of Study Participants by Age Group
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Baseline SF-36 quality of life soor€s for study participants wcre significantly lower tlran

the New Zealand nonns for almost all age and gender cabgories and forall quality of life

variables. Frgures 4-13 to 4-16 show the mean diftrence betwcen shrdy participutt SF-

36 quality of life scotes compared with age- and gender-matched New Zealand nonns.

The age categories for the New Zealand data were slightly different from those used in

this snrdy, but an dtempt was made to find categories as closely matching the study

sample as possible. Mean scolts for 40-54 year-old strdy patients wer€ compared with

New Zcalqnd nonns fot 4544 years. Mean scores for 65-79 year-old study patients were

compared with New Tnalmdnonns for 65:14 years.
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Figure 4'14 Mean Dlfterences (with 95% cunfidence intervals) h SF-36 Quatity of
Life Scores of Male Study Participants 40-64 years of age comparcd *itn New
Zealand Gender-matched and Age-slmilar Norms
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Figure 4-15 Mean Differences (with 957o confidenco intervals) in SF-36 Quality of
Life Scores of Male Study Participants 6s-79 years of age cumpared wtth New
Zealand Gender-metched and Age-similar Norms
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Figure 4'16 Mean Differences (with g57o confidence lntervals) in SF-36 euality ofLife scores of Femat s!"d{ raotrciryyts 40.@t xears of age compared with NewZealand Gender-matched and Age-siiilar Nornrs

pp 
= physical functioning; RP =- role physical B_p: bodify pain; GH - gsneral bealth; V= vitaliry;SF = social frmctioning; RE= rote emotiboU; MH =,r"orlf f,r"fn

Figure 4'17 Mean Differences (with 957o confidence interrals) in SF-36 euality ofLife scores of Femate fqav {articipanrs osrzl,;-;;nu compared with NewTalanilGender-matchedandAgoiirit"rNorms I
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4.3.8 Adequacy of Randomisation

To check the adequacy of randomisation, characteristics of the intervention and control
groups were compared to ensure they were similar. Characteristics of general practices
and general practitioners from the intervention and control goups are presented below.
Figure 4-18 shows practice size of intervention and conbol practices. Three solo practices
and one large (4-GP) practice, all from the conhol group, withdrew from participation
prior to patient recruitnent. This explains why there were fewer solo, and very large
practices, in the control goup compared with the intervention goup. In addition, the
three solo practices from the control group that withdrew were rural. Despite this,
intervention and control groups had similar numbers of rural and urban practices (Figure
4-19)' Gender and work characteristics of the intervention and control general
practitioners were balanced (Figures 4_20 and4_Zl).

The demographic and clinical characteristics of the intervention and control patients were
well balanced at baseline, as shown in Table zt-13. Tabl e 4-14 shows various self-
reported physical-activity characteristics of the intervention and conhol groups. These
were also balanced, as were the baseline sF-36 quality of life scores, as demonstrated in
Table 4-15.

Figure 4-18 Practice sizes of Intervention and control practices
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Figure 4-19 Number of Rural and Urban Practices in the Intervention and Control
Groups
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Figure 4.20 Gender of General Practitioners in the Intervention and Conbol
Groups
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Table 4'13 Baseline Demographic and Clinical Characteristics of Less-active 40-79
year-old Patients in General Practice, by Intervention and Control Group. Mean
values e44$lq4dgr44viations) are presented, unless otherwise specified.

Patient Characteri stic

Intervention
(n = 451)

Control (n = 427)

Age (years)

Systolic BP (mm Hg)

Diastolic BP (mmHg)

Body mass index (kg/m2)

Cholesterol* (mmol/L)

I{DL+ (mmol/L)

CHD 4-year risk* (7o risk)

Number of medications

Female participation: N (70)

Lower economic status:** N (7o)

Post high school qualifrrcation:
N(7o)

European: N (7o)

Smokers: N (7o)

Diabetes: N (7o)

Hypertensivel: N (7o)

Previous cardiovascular disease:
N(7o)

Obese (BMb30): N (7o)

57.2 (10.8)

135.1 (19.6)

82.4 (12.2)

30.0 (6.7)

5.78 (1.0)

1.33 (0.4)

s.7 (6.2)

2.6 (2.s)

301 (67)

20s (45)

LO6 (24)

3s4 (78)

78 (17)

46 (10)

240 (s3)

e3 (21)

198 (44)

58.6 (11.s)

13s.4 (17.9)

81.8 (12.1)

29.9 (6.4)

s.64 (1.0)

r.34 (0.4)

5.s (s.8)

2.4 (2.4)

281 (66)

zrL (49)

12r (28)

324 (76)

76 (r8)

46 (r l)
220 (s2)

74 (r7)

176 (4r)

*Cholesterol testing and risk of 4-year coronary heart disease risk(Anderson, Odell et al. 1990;
D'Agostino, Russell et al. 2000) were carried out on a randomly selected sub-sample to contain
costs (n=787) and a further 5l participants declined to have cholesterol testing done.
** Economic status was measured at baseline by qualification for a low-income health subsidy
card. Forty-three percent of adults over 45 years of age in New Zealand qualify for this card.

typertensive refers to a previous diagnosis of hypertension and taking antihypertensive
medication or a mean blood pressure of greater than 150 mm Hg systolic or 90 mm Hg diastolic.
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Table 4-14 Baseline Physical Activity Characteristics of the Intervention and
Control Groups. Mean values and (standard deviations) are presented, unless
otherwise specified.

Patient Characteristic Control
(n = 42i7\

Intervention
(n = 451)

Total energy expenditure

(kcal.kg-t.week-t)

Leisure physical activitya

(kcal.kgt.week r)

Leisure exercise* (mins.day-t)

Leisure exercise >=2.5 hrs/week
N(7o)

237.s (42.2)

6.0 (12.2)

rr.3 (2t.7)

80 (18)

23s.7 (4s.3)

6.s (11.1)

12.0 (20.s)

el (2r)

o l.eisure physical activity refers to the energy expenditure of all leisure{ime physical activity
considered moderate or vigorous by the respondent
* kisure exercise refers to all moderate (3.04.9 lvGT) and vigorous (>-5.0lvfET) leisure-time
activities undertaken at least once per two weeks ([amonte and Ainsworth 2001).

Table 4-15 Mean Baseline SF-36 Quality of Life Scores (and standard deviations)
for Intervention and Control Patients

SF-36 Quality of Life Category# Control
(n = 427)

Intervention
(n = 451)

Physical functioning

Role physical

Bodily pain

General health

Vitality

Social functioning

Role emotional

Mental health

7r.3 (23.e)

s7.9 (4r.7)

6t.r (2s.7)

62.7 (20.7)

53.8 (20.6)

77.9 (24.6)

69.6 (41.3)

74.5 (r7.3)

70.9 (24.6)

60.4 (4r.4)

63.9 (26.9)

66.1 (20.6)

56.0 (21.2)

77.6 (2s.2)

68.7 (40.6)

74.0 (r8.2)

# 
Quality of life scores are derived from the SF-36 questionnaire and represent a score out of

100.
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4.3.9 Positive Predictive Value of Screening euestion

The screening question used to identify sedentary patients for enrolment in the study was as

follows. "As a rule, do you do at least half an hour of vigorous or moderate exercise (such as

walking or a sport) on five or more days of the week?" The positive predictive value of the

physical activity screening question was 817o. Nineteen percent of those identified as

sedentary by the screening question were found to be achieving at least 2 /z hours per week

of moderate or vigorous leisure-time physical activity when compared with results of the

AHS questionnaire. Eighty-one percent were achieving less than 2 7z hours. Therefore, the

population identified by the screening question was, on average, less active than the general

population, where between 32Vo and 42Vo are achieving less than 2 Vz hours per week

(Ministry of Health 1998).

4.3.10 Rates of Intervention Deliverv

Of the 451 intervention patients, 385 received the intervention from a general practitioner

and 66 from a practice nurse. Of the patients who attended follow-up 10/361 (2.8Vo) control

and 370/389 (95Vo) intervention patients recalled receiving a Green Prescription during the

previous year, suggesting that there was minimal contamination between intervention and

control groups. The Sports Foundation, 'Sport Waikato', received 410 faxed copies of the

study Green Prescriptions, out of a possible 451. Forty-one participants did not want their

details and a copy of the Green Prescription faxed to exercise specialists, or they did not

receive the intervention from the general practitioner or practice nurse.

Sub-samples of 3l general practitioners and 19 nurses estimated spending an average of 7
minutes and 13 minutes per patient, respectively, delivering the Green prescription

intervention.

4J.U Final Outcomes

4.3. 1 I J Physical Activity

Physical activity increased in both groups, over the twelve months. However, Ieisure-time

moderate or vigorous physical activity, and total energy expenditure, increased more in the

intervention group than the control group (Table 4-16).
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Table 4-16 Mean Changes in
Outcomes in the Control and

Physical Activity, Cardiovascular and Quality of Life
Intervention Groups, at 12 Months.

Primary Outcomes
Measure

slntervention:

(n=45 l)
Mean change
(95Vo CI)

$Control:

(n=427)
Mean change
(957o CI)

tBetween-group 
P value

difference:
(n=878)
Mean change
(95Vo CI)

Total energy expenditure

(kcal/kglweek)

o Leisure physical
activity (kcal/kg/week)

*Leisure 
exercise

(mins.week r)

Systolic BP (mmHg)

Diastolic BP (mmHg)

'4-year CHD risk (7o)

Quality of life (SF-36):

Physical functioning
score

Role physical score

Bodily pain score

General health

Vitality score

Social functioning score

Role emotional score

Mental health score

9.76 (5.85,13.68)

4.32 (3.26,5.38)

54.6 (41.4,68.4)

-2.58 (4.02,-1.13)

-2.62 (-3.62,-1.61)

0.42 (0.23,0.60)

3.16 (1.61,4.71)

10,53 (6.8,14.3)

6.51(4.28,8.74)

5.95 (4.43,7.47)

s.36 (3.76,6.96)

3.02 (0.68, 5.36)

5.32 (t.43,9.2t)

2.6t (t.17,4.04)

0.37 (-3.39,4.14)

1.29 (0.11,2.47)

16.8 (6.0,32.4)

-L.21(-2.57,0.15)

-0.81(-1.77,0.16)

0.52(0.32,0J2)

1.63 (-0.04,3.31)

4.16 (0.63,7.68)

2.50 (0.15,4.86)

t.60 (0.22,2.99)

3.06 (1.44,4.68)

2.85 (0.57,5.13)

5.70 (2.07,9.32)

1.63 (0.28,2.98)

9.38 (3.96,14.81)

(975 kcaUweek)

2.67 (0.48,4.86)

(247 kcaUweek)

33.6 (2.4,64.2)

-1.31(-3.s 1,0.89)

-1.40(-3.35,0.56)

-0.10({.43,0.23)

1.23 (-1.35,3.81)

't.24 (0.16,t4.3t)

4.0t (0.78,7.24)

4.5t (2.07,6.95)

2.30 (0.03,4.57)

0.36 (-3.53,4.26)

-0.38(-5.70, 4.94)

0.98 (-0.99,2.95)

4.2

0.2

0.6

0.001**

0.02*

0.04*

0.3

0.045*

0.02*

0.000{,*

0.047*

0.9

0.9

0.3

*Significant at 0.05 level ** Significant at 0.01 level $Unadjusted for clustering nAdjusted for
clustering by medical practice; 'CI' refers to confidence interval
u Leisure physical activity refers to the energy expenditure of all leisure+ime physical activity
considered moderate or vigorous by the respondent
* Leisure exercise refers to all moderate (3.04.9 I\,{ET) and vigorous (>=5.0 IvIET) leisure+ime
activities undertaken at least once per two weeks.(Lamonte and Ainsworth 2001)

' 4-yr CHD risk refers to 4-year coronary heart disease risk, based on the Framingham and
D'Agostino equations. (Anderson, Odell et al. 1990; D'Agostino, Russell et aI.2000) As these
equations have only been validated for ages 35 to 75 years, those with ages from 76 to79 were
excluded from the intention-to-treat analysis. Therefore, the sample size for this variable was 802.
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Figure 4-15 shows that the proportion of intervention participants who achieved 2rl hours of
moderate or vigorous leisure physical activity per wcek incrcased by 661451 (L4.6Vo)

compared with2ll427 (4.9Vo) in the control group (F0.003).This means that for every 10.3

Green Prescriptions written, one person achieved and maintained 2 7z hours of moderate or

vigorous leisure-time activity, who otherwise would not have, producing a number needed to

treat (NNT) of 10.3. Increases in occupational physical activity contributed substantially to

the additional increase in total energy expenditure (p<0.001) although domestic and

transport activity did not.

Figure 4'Z?Proportions of Participants achieving2YzHours of Moderate or Vigorous
Leisure Activity per Week at Baseline and l2.month Follow-up
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(p=0.003)

4.3.11.2 Qoahty of Life

Quality of life improved in both groups. However, 'general health', 'role-physical',

'vitality', and 'bodily pain' scores on the SF-36 questionnaire improved significantly more

in the intervention group cornpared with the control group. (Table 4-16).

4.3, 1 1.3 Cardiovascular Risk

There was no statistically significant difference in the change of coronary heart disease risk

between the two groups. The point estimate difference was equivalent to a I.7% relative risk

170



reduction in coronary heart disease risk (0.17o15.6Vo), which was substantially lower than

that predicted in sample size calculations (Chapter 3, section 3.3.6).

Systolic and diastolic blood pressure improved significantly from baseline in the

intervention group but the change did not differ significantly from that achieved in the

control group (Table 4-16). Regression analysis of blood pressure change was controlled for

antihypertensive medication change.

Interestingly, a greater percentage of control patients had their antihypertensive medications

increased, and fewer had their anti-hyertensive medications decreased, with a slightly greater

percentage having a change in medication type with equivalent dose, compared with the

intervention goup (Table 4-I7). Although thesd differences did not reach statistical

significance, there was definitely no evidence that intervention patients had increases in their

medication compared with the control group.

Table 4-17 Changes in Antihypertensive Medication Use from Baseline to Follow-up,
amongst the Intervention and the Control groups

Prescribed
Antihypertensive (n = 389)

N (7o)

lntervention Control Between group To

difference
(957o Cl of difference)

(n = 361)
N (7o)

Decrease in dose,

lncrease in dose

18 (4.6)

38 (e.8)

Change in type, similar l0 (2.6)
equivalent dose

Total (any change) 66 (17.0)

14 (3.8)

37 04.2)

l5 (4.1)

66 (18.3)

015 (-2.1,3.6)

-0.48 (4.8, 3.8)

-1.6 (4.2, 1.0)

-1.3 (-6.8, 4.1)

'CI' refers to confidence interval

Although change in weight, body mass index and cholesterol concentrations were not

primary outcomes of the study, these variables are presented in Table 4-18. Again, there was

a non-significant trend towards improvement in the intervention, compared with the control

group, for these variables except for HDL.
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Tahle 4-18 Change in Weight, Body Mass Index and Serum Cholesterol Concentration
of Intervention and Control Groups over l2-months

OtherVariables Measures slntervention:

(n=45 1)

Mean change
(95Vo CD

$Control:

(n=427)
Mean change
(95Vo Cl)

*Between-group P value
difference: (n=878)
Mean change
(95Vo CD

Weight (kg) -0.30 (4.66, 0.06) -0.14 (-0.49, 0.21)

Body mass index (kg/m2) -0.11 (-0.25,0.02) -0.05 (-0.1g,0.07)

Cholesterol(mmol/L) -0.02(-0.08,0.05) 0.01 (4.05,0.06)

HDL (mmol/L) -0.05(-0.06,-0.03) -0.03(-0.04,-0.02)

'CI' refers to confidence interval

4.i.11.4 Outcomes of Potential Harm

A repeated measures multi-level analysis, using SAS, to show the change in risk of adverse

events over time showed no significant difference between the two groups. In particular,

outcome measures of potential harm showed no significant difference in self-reported falls

(p=0.9) or injuries (p=0.7) in the previous month, or hospitalisations over the previous year

(p=0.1) (Table 4-19).

Table 4-19 Multi-level, Time-series Analysis of Adverse Events for Intervention and
Control Patients (comparing the year prior to study enrolment with the year following
study enrolment)

Measure

-0.16 (-0.67,0.34) 0.5

-0.06 (-0.24,0.12) 0.5

-0.02 (-0.12,0.09) 0.7

-0.017(-0.04,0.01) 0.2

Yrl
Control

Yr? Yrt
Control Intervention

YrZ P
Intervention value**

Falls in last 47 (ll,.l)
month N (7o)

Injury in last 60 (14.1)
month N (7o)

Hospitalisation 89(20.8)
in last year
N(7o)

s5 (12.9)

4l (e.6)

90 (21.1)

42 (e.3)

6s (t4.4)

ro4 (23.r)

4e (10.9)

3e (8.6)

83 (18.4)

0.9

0.7

0.1

* Intention-to-treat analysis is canied out, bringing baseline findings forward to follow-up for non-
attenders.

** P values are calculated using a time-series multilevel analysis that compares the change over time
of the intervention group with that of the control group.

As the outcome was the probability of an adverse event, this was more logically presented as

odds ratios rather than absolute differences. This analysis also shows the size of the
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difference. The odds of having a fall, injury, or being hospitalised, in the year after the

intervention compared with the year before were examined to calculate the odds ratio, for

the intervention group and the control group. The odds ratios for intervention patients were

l.L9 (95Vo CI 0.82, 1.72) for falls, 0.63 (0.44,0.896) for injuries, and 0.77 (0.60, 0.996) for

hospitalisations. In other words, intervention patients were significantly less likely to have

an injury, or be hospitalised, in the year after intervention compared with the year before the

intervention. The odds ratios forcontrol patients were 1.22 (0.85, 1.75) forfalls,0.7 (0.48,

1.02) for injuries, and 1.02 (0.796,1.33) for hospitalisations. In other words, the change in

the likelihood of control patients having a fall, injury, or being hospitalised the year before

or the year after their enrolment in the study, did not reach statistical significance. However,

the odds ratios for the intervention and control groups showed no significant difference from

each other.

4.3.1 1.5 Sub-Group Analyses

Post-hoc analysis by gender showed that leisure-time physical activity increased by 68

minutes (95Vo CI29 to 106 minutes) per week in men (n=296), and 20 minutes (95Vo Cl -23

to 63 minutes) per week in women (n=582),

There was no significant difference in the change in leisure-time moderate and vigorous

activity (p = 0.8) amongst the intervention group of urban, compared with rural participants.

However, there was a difference in overall total energy expenditure. Urban participants

increased their total energy expenditure significantly more than rural participants, by 7.55

kcal/kg/week (p = 0.006).

4.3.11.6 Stage of Change

There was a non-significant trend towards greater increases in leisure time activity (3.25

kcaUkg/week,95Vo CI9.26, -2.76) and total energy expenditure (22.3 kcaWglweek, g5%o

CI: 50.4, -5.81) amongst the intervention 'contemplators' (SOC=2) compared with

intervention 'non-contemplators' (SOC=l). However, 'pre-contemplators' tended to be older

than 'contemplators'by 5.6 years(95Vo CI: -1.06, 12.3).
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Table 4-20 Average Change in Leisure-time Physical Activity and Total Energy
Expenditure by Baseline Stage of Change amongst Intervention Participants

Stage of change (SOC) at
baseline

No
response

Number (7o)

Average age in years (sd)

Change in leisure physical
activity in kcal,/kg/week (sd)

Change in total energy
expenditure in kcaL/kg/week
(sd)

l3 (3.3)

63.2

(11.0)

2.77
(4.48)

-10.10
(47.24)

t43 (37) ss (14)

57.6 56.2

(1r.7) (10.3)

6.02 635
(10.86) (12.30)

12. 18 16.53
(4e.24) (37.38)

ll0 (28) 48 (12)

s6.9 56.7

(10.8) (8.6)

4.30 2.46
(t4.28) (r2,s7)

12.71 16.90
(44.46) (42.e3)

re (4.e)

56.2

(e.e)

).))
(l r.00)

7.02
(87.03)

Stage of change categories l-5 refer to: l.'Pre-contemplators'; 2. 'Contemplators'; 3. 'Ready to
change' ; 4. Starting to change', and 5.'Maintaining behaviour change'. The patient's stage of change
was determined at baseline using the form in Appendix 10.

4.3.12 Sensitivity Analyses

Several sensitivity analyses were carried out. These included analyses that were 'per-

protocol', controlled for potential confounding factors, controlled for baseline variables,

conducted using different assumptions about the deterioration of coronary heart disease risk,

and without adjustment for medication change.

4.3. 12. I Per-protocol Analysis

In this study, analyses of primary outcomes have been conducted using an intention-to-treat

approach. The first sensitivity analysis was conducted 'per protocol' to examine the effects

that an intention-to-treat approach may have had on results. A 'per protocol' analysis

includes only those who attended follow-up and completed both baseline and follow-up

measures in each analysis. Subjects were still analysed according to the group they were

randomised to, regardless of compliance with the physical activity advice. The same

random-effects regression techniques were used as with the main intention-to-treat analyses,

with allowance for clustering by practice. Overall, results were very similar. As expected,

for almost every variable, the improvements amongst the intervention group compared with

the control group were greater than with an intention-to-treat analysis, except coronary heart

disease risk, physical function, and role emotional. These three variables did not improve

significantly amongst the intervention group comp{ued with the control group, in either
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intention-to-treat or per protocol analysis. Although the effect estimate of most of the
outcome measures increased, the precision of the estimates generally decreased. This was
probably due to the decrease in sample size, which resulted from excluding those that did
not attend follow-up from the analysis.

hbl" 4'21 Pu.-p-to"r iti"ity Anaryses of primary outcome Measures

Variable Between-group difference: (n=750) p value

Total energy expenditure (kcal/kg/wk)

Leisure exerc ise (kcaUkg/wk)

Duration leisure exercise (mins/wk)

Systolic blood pressure (mrnHg)*

Adjusted systolic blood pressure (mmHg)#

Diastolic blood pressure (mmHg)*

Adjusted diastolic blood pressure (mmHg)#

4-year Coronary heart diseas e (Vo)*

Adjusted 4-year Coronary heart diseas e (Vo1*x

SF-36 Quality of Life Variables:

Physical function

Role physical

Bodily pain

General health

Vitality

Social function

Role emotional

Mental health

10.96 (4.57, 17.34)

2.94 (0.23, s.66)

36.8 (-1.8, 75.72)

-1.54 (4.00,0.91)

-1.56 (4.01,0.94)

-1.59 (-3.85 ,0.67)
-1.57 (-3.87,0.72)

-0.05 ({.49,0.40)

-0.05 ({.49,0.40)

0.84 (-3.08,4.77)

8.38 (-0.I l, 16.87)

4.91 (0.97,8.84)

5.49 (2.25,8.72)

2.80 (0.02, 5.58)

0.39 (-5.02, 5.81)

4.58 (-7.24,6.08)

l.l8 (-1.19, 3.56)

0.001

0.03

0.06

0.22

0.22

o.t7

0.18

0.84

0.84

0.67

0.05

0.01

0.001

0.048

0.89

0.87

0.33

* Not adjusted for medication changes; # Adjusted for antihypertensive medication change;** Adjusted for antihypertensive ana tipla-to*ering medic"iii"r for coronary heart disease risk;'CI' refers to confidence interval

4. 3. I 2.2 co ntrolling for pos sibre confounding F actors

To ensure randomisation was adequate and baseline values balanced, a series of sensitivity
analyses were performed adjusting for baseline and potentially confounding factors. The
first analysis examined the effect on physical-activity primary outcomes of controlling for
demographic variables. Primary outcomes were also analysed controlling for baseline values
to assess the effect of any potential baserine imbalance.
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Multiple regression analyses of the physical activity outcomes, controlling for age, gender

and socio-economic status are presented in Tables 4-22. This sensitivity analysis made little

difference to the physical activity and cardiovascular results. However, difference in change

between intervention and control groups, of 'role physical' and 'vitality' SF-36 quality of

life scores were no longer statistically significant (p>0.05). 'General health' and 'Bodily

pain' maintained a statistical ly signi ficant difference.

Table 4'22 Sensitivity Analysis using Muttiple Regression of Change in Physical
Activity' Clinical' and Significant Quality of Life Outcomes for the Intervention Group
compared with the Control Group, after adjusting for Age, Gender, Socio-economic
Status, and Clustering

Change in Outcome Variable Between-group difference : (n=878)

Mean change (95Vo CI)

P value

Total energy expenditure in
kcaUkg/week

Leisure energy expenditure in
kcal/kg/week

Time spent in Leisure exercise in
hours per week

Systolic Blood Pressure (mmHg)

Diastolic Blood Pressure in (mmHg)

4-year CHD risk (7o)

SF-J6 Quality of Life Variables:

Role physical

Bodily pain

General health

Vitality

9.3s (3.8s, 14.84)

2.60 (0.42,4.78)

0.54 (0.02, 1.06)

-1.24 (-3.42,0.94)

-1.41 (-3.38,0.56)

-0.l0 (-0.43 , a.z3)

6.97 (4.34,14.29)

3.67 (0.42.6.92)

4.34 (t.94,6.74\

1.98 ({.28,4.23)

0.001

0.02

0.@

0.26

0.16

0.55

0.06

0.03

0.000

0.09

'cI{D' refers to coronary heart disease; 'c[' refers to confidence interval

Table 4-23 presents the results from a sensitivity analysis of outcomes after controlling for

baseline values of each outcome variable. Physical activity and blood pressure changes in

outcomes of intervention compared with control groups became greater. Three of the four

significant quality of life variables retained statistical significance, although 'vitality' did

not.
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Table 4'23 Sensitivity Analysis using Multiple Regression of Change in Physical
Activity, Clinical, and Significant Quality of Life Outcomes for the Intervention d.oop
compared with the Control Group, after adjusting for Baseline Outcome Measures and
Clustering

Change in Outcome Variable Between-group difference: (n=878)

Mean change (957o CI)

P value

Total energy expenditure in
kcaL/kglweek

Leisure energy expenditure in
kcal,/kg/week

Time spent in leisure exercise in
hours per week

Systolic Blood Pressure (mmHg)

Diastolic Blood Pressure in (mmHg)

4-year CHD risk (7o)

SF-36 Quality of Life Variables:

Role physical

Bodily pain

General health

Vitality

10.18 (5.14, t5.2r)

2.68 (0.64,4.72)

0.57 (0.13, 1.02)

-1.45 (-3.56, 0.66)

-1.38 (-3.22,0.47)

-0.08 (-0.53,0. 37)

6.87 (0.20, 13.54)

2.93 (0.02, 5.8))

3.73 ( 1.36, 6.1 t)

1.64 (-0.51, 3.79)

<0.001

0.01

0.01

0.18

0.14

0.7

0.04

0.@8

0.002

0.14

'cfID' refers to coronary heart disease; 'cI' refers to confidence interval

4.3.12.3 Coronary Heart Disease Risk

The intention-to-treat analysis of primary outcomes was carried out assuming those who d.id

not attend follow-up, had no change from baseline in the variable, except for coronary heart

disease risk. This variable tended to deteriorate in both groups over time, with the greatest

deterioration in the control Soup. Therefore, it was assumed that all those who did not

attend the follow-up visit had a deterioration in coronary heart disease risk equivalent to the

average for the control group, which was equivalent to O.527o. This assumption produced a

difference in absolute risk reduction of -0.10 (95Vo Cl -0.43 to 0.23) between the

intervention and control groups. If no change was assumed amongst those who did not

attend follow-up, the results do not change significantly. lncremental decrease in absolute

coronary heart disease risk is -0.11Vo (95Vo CI -O.39 to 0.16), equivalent to a relative risk

reduction of 2Vo, as baseline absolute risk for intervention patients was 5.6Vo.
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4.3.12.4 Blood Pressure change and Adjustmentfor Medication Change

If antihypertensive medications were not controlled for in the regression analysis of systolic

and diastolic blood pressures, the results were very similar to those presented above. In
particular, there was an incremental decrease in systolic blood pressure of -l.2mm Hg (95Vo

CI -3.28 to 0.70) and in diastolic blood pressure of -1.39 mm Hg (957o CI-3.04 to 0.25)

amongst the intervention group compared with the control group.

4.3.13 Intraclass Correlation Coefficients

Intraclass correlation coefficients (ICC) of demographic and clinical variables measured at

baseline, using practice as the clustering variable, are presented in Table 4-24. ICCs of
baseline physical activity and quality of life variables are presented in Table 4-25. Table 4-
25 shows the ICCs of change in selected variables.

Most ICCs were low (less than 0.1). However, economic status (reflected by the community

services card status), educational level and ethnicity had much higher ICCs. Ethnicity had by

far the highest ICC (0.384), which was probably because there were seven Mdori health-

provider clinics out of the 42 participating clinics. Maori health-provider clinics cared for
MEori patients predominantly, while other practices cared for New Zealand Europeans,

predominantly. Socio-economic status and education are likely to vary by suburb,

particularly in urban areas.

The F statistics also reflected a range of 'between-practice' variance to 'within-practice'

variance of individual demographic and clinical characteristics. The P value of several

variable F statistics (such as for cholesterol), showed that there was very little variance

between practices when compared to within-practice variance for these variables.

Intraclass correlation coefficients of change in characteristics were often different from ICCs

of baseline variables, such as for cholesterol and physical activity variables, which were

considerably higher than for baseline values. On the other hand, ICCs for change in body

mass index, and coronary heart disease risk, were lower than ior baseline ICCs.
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Table 4-24 lntra-class Correlation Coefficients (ICCs)
Characteristics in a Consecutively Screened Sample
Patients selected in Clusters from 42 General practices

for Demographic and Clinical
of Less-active 40-79 vear-old

Variable

Demographic Variables

Community services card
status*

Gender

Age

Ethnicity #
(Mdori/nonM6ori)

Education level

Clinical Variables

Weight

Systolic blood pressure

IIDL** concentration

Smoking status

Body mass index

ICC (95Vo confidence F stat. ANOVA

870 0.121 (0.0s2 to 0.189) 3.82 (0.000)

878 0.016 (0.000 to 0.044) 1.33 (0.08)

876 0.050 (0.008 to 0.092) 2.08 (0.000)

853 0.3W (0.257 to 0.510) 13.53 (0.000)

844 0.123 (O.Otl to 0.020) 2.8S (0.000)

871 0.043 (0.004 to 0.083) 1.93 (0.0005)

87s 0.018 (0.000 to 0.047) 1.39 (0.06)

728 0.039 (0.000 to 0.080) 1.76 (0.004)

854 0.05s (0.01 I to 0.10) 2.18 (0.000)

867 0.081 (0.027 to 0.14) 2.Bt (0.000)

Diastolic blood pressure 875 0.046 (0.006 to 0.0g7) 2.00 (0.0002)

cholesterol concentration 728 0.004 (0.000 to 0.031) l.0g (0.3)

coronary heart disease risk 728 0.022 (0.000 to 0.056) 1.43 (0.05)

cardiovascular disease risk 728 0.018 (0.000 to 0.051) 1.36 (0.0g)
* Community services cards (CSC) allo* a are held by
approximately 437o of the population over 45 years of age, based on fimity income. # Ethnicity was
dichotomized for analysis purposes to those who identify as 'Maori' and those who do not; ** 

-HDL

refers to highdensity lipoprotein
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Table 4-25 Intra-class correlation coefficients (ICCs) for physical
characteristics in a.consecutively s."."o"J i"^pret of Less-active 40-79Patients selected in crusters fuom i2 Generar practic'es

Activity
year-old

Physical Activity
Variables

ICC (95Vo confidence
interval)

Fstat. ANOVA
(P value)

Leisure energy
expenditure

Total energy expenditure

Time in leisure exercise

Quality of Life

Physical function

Role physical

Bodily pain

General health

Vitality

Socialfunction

Role emotion

Mentalhealth

0.014 (0.000 to 0.041)

0.020 (0.000 to 0.@9)

0.012 (0.000 to 0.038)

0.009 (0.000 to 0.035)

0.018 (0.000 to 0.048)

0.000 (0.01I to 0.022)

0.004 (0.000 to 0.028)

0.010 (0.000 to 0.036)

0.015 (0.000 ro 0.043)

0.007 (0.000 to 0.031)

0.000 (0.000 to 0.022)

1.29 (0.1)

t.42 (0.04s)

l.2s (0.1)

l.l9 (0.2)

1.37 (0.06)

0.e5 (0.6)

l.0e (0.3)

1.20 (0.2)

1.30 (0.1)

r.l3 (0.3)

0.76 (0.e)

873

873

873

850

845

845

840

849

842

832

847

Table 4'26 Intra'class correlation coefficients (ICCs) for change in variables fromBaseline to l2-month Follow'up amongst Less-aciive q}-lgyear-old patients selected inClusters from 42 General praciices

ICC of change in variable ICC (95Vo confidence F stat. ANOVA
interval value

0.041 (0.000 to 0.089)

0.024 (0.000 to 0.064)

0.003 (0.000 to 0.030)

0.049 (0.003 ro 0.094)

0.058 (0.009 to 0.108)

0.000 (0.000 ro 0.031)

0.025 (0.000 to 0.061)

0.044 (0.000 to 0.088)

from baseline to follow-

Cholesterol concentration

HDL concentration

Body mass index

Leisure energy expenditure

Time in leisure exercise

Coronary heart disease risk

Physical function

General health

Mental health

s96

596

7U

745

745

591

727

716

726

1.66 (0.009)

1.38 (0.07)

l.0s (0.4)

1.90 (0.0007)

2.0e (0.0001)

0.83 (0.7)

1.43 (0.04)

1.77 (0.003)

* IIDL refers to highdensity lipoprotein

0.9e (0.50.000 ( 0.000 to 0.026)
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4.3.14 Summary

The pilot study had demonstrated that the study protocol was acceptable and efficient,

requiring minimal alteration before implementation in the main study, the Green

Prescription cluster randomised controlled trial. Increases in leisure-time physical activity
were demonstrated in the pilot study, as a result of the Green Prescription intervention.

The main cluster randomised controlled trial of the Green Prescription achieved high levels

of participation (74Vo of general practitioners in the area and 677o of eligible 'less active'

adult patients) and follow-up at l2 months (857o of participants). The study population was

found to represent a high cardiovascular risk population compared with the age- and gender-

matched general population. The trial demonstrated significant improvements in physical

activity variables and four of the SF-36 health-related quality of life variables, .general

health', 'bodily pain', 'vitality' and 'role physical' over 12 months amongst the intervention

gt'oup, compared with the control group. There was also a trend towards improved blood
pressure. There was no evidence of increased adverse events with the intervention, and there

was some evidence to suggest that adverse events decreased in the intervention group.

Sensitivity analyses, conducted subsequently, had little effect on outcomes. Effect size of the

intervention tended to increase, although these estimates were sometimes less precise. The
results of the pilot and main cluster randomised controlled trial are discussed more fully in
Chapter 5, section 5.3.

4.4 Results of the Green Prescription Cost-Effectiveness study

4.4.1 Introduction

A cosreffectiveness evaluation was designed prospectively and conducted alongside

cluster randomised controlled trial. The results of the cost-effectiveness analysis

presented below' The first section summarises the cost of the Green Prescription programme

development, and implementation. These costs were incurred at a national level by the

Hillary Commission, at a regional level by the Waikato Sports Foundation, and at a local
Ievel by the general practices where the intervention was initiated. The next section presents

the offset costs and savings from change in health-care utilisation, productivity, and personal

the

are
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costs of exercise. The final sections calculate incremental cost-effectiveness ratios and

summarise findings.

4.4.2 Programme Costs

4.4,2.1 Green Prescription National set-up and co-ordinating costs

The discounted and annuitized costs incurred by the Hillary Commission at a national level

for set-up and co-ordinating the Green Prescription programme are included in Table 4-27.

Research and evaluation costs are not included, as they were not part of the programme

costs.

The total national set-up and co-ordinating cost from mid 1996 to mid Z0ci2 wus$2,g61,564.

A total of 13,189 patients received Green Prescriptions, and were referred to regional Sports

Foundations, during that period. (Figures supplied by the Hillary Commission) Therefore,

the programme set-up and co-ordinating costs per patient were $216.97 per Green

Prescription recipient that was referred to the Sports Foundation. This is likely to be an

overestimate, as approximately 62Vo of Green Prescription recipients are not referred to the

L Sports Foundation exercise specialists (personal communication with the Hillary
Commission). If set-up and national co-ordinating costs were distributed across all those

receiving a Green Prescription (n = 34,708), then the set-up and co-ordinating component of
programme cost per patient would be $82.45.
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Table 4'27 Costs of Set-up and Co-ordination of the Green Prescription programme
Nationally

Year Details Cost (NZ$) December
CPI*

(CPI ratio)

Adjuste4 ** Discounted
Cost in NZ$ Cost " in

Irt-Z$

Referred
GRx
recipientsb
(all GRx

1996197 Launch, Auckland and
Northland, Development of
resources, Installation of free
telephone line in Auckland
and Northland, Grants to
regional sports trusts

1997198 Seminar with GPs and
nurses, Re-development of
resources, Funding to sports
trusts to support programme

1998199 Resources,Co-ordinator
positions (6 positions, 3 full-
time, 3 part-time), Training,
Computer scripting,
Advertising,

I999lW Co-ordinatorpositions(6):
Training, computer
scripting, promotion,
resources, database
development,
OperationVAdmini stration
at a national level

Total:

2000/01 Co-ordinarorposirions(8):
Resources, newsletters,
patient support, computer
scripting
Operations/Administration
at a national level

Total:

200llUJ Co-ordinatorpositions(8)
Resources
Computer scripting
/database /free telephone
line, Promotion,
OperationVAdmi nistration
at a national level
Total:

Total

400.000

180,000

390,000

257,000

93,0M

100,000

450,000

317,A00

n,a00

100,m0

490,000

387,000
45,000

$16,n0

$100,000

$548,000

$2,459,000

989

(1.077)

997

( 1.068)

1,001

(1.064)

1,006

(1.0se)

l,(x6

(r.018)

1,06s

(1.0)

430,800 549,822 nil

192,240 233.669 369

4r4,960 480,368 1279

476,550 52s.396 2616

498,820 523.761 4000

548.000 548,m0 4925

$2,861,016 13,199

(re: Figures supplied by the Hillary Commission)
* CPI refers to consumer price index. The CPI ratio refers to the December 2001 CpI: annual
December CPI ratio (Statistics New Zealand 2003).
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** Adjusted for inflation, using the CPI ratio

" Discounted at a 5% rate @rummond, O'Brien et al. 1997)
o Green hescription recipients that were referred to the Sports Trusts for exercise specialists support,
which includes 38Vo of all Green Prescription recipients. 'GRx' refers to Green heicription.

4.4.2.2 Regional sports Foundation personnel costs and overheads

Out of the 451 intervention patients in the present study, 4L0 (9lvo) were referred to the

Sports Foundation exercise specialists. The other 4l patients declined to have their Green

Prescriptions faxed to the regional Sports Foundations, or they did not receive the

intervention. The regional Sports Foundation was also receiving Green Prescription referrals

for patients who were not part of the study during the twelve months of rolling recruitment

for the study. Therefore, exercise specialists at the regional Sports Foundation received 912

faxed Green Prescriptions, of which 410 were for study participants (45Vo of total).

The proportion of the Sports Foundation's wages, overheads, toll-calls and mail-out costs

attributable to the 410 study patients, representing 45Vo of their Green prescription

progralnme costs, are presented in Table 4-28. The average cost of intervention support from
the sports Trust was $68.81 per patient ($31,032.6 sl45l study participants).
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Table 4-28 Costs of Sports Trust attributable to the Green Prescription Study
Participants for 12 months (200112002)

Cost Category Details Cost per item in
NZ$

Total Cost in NZ$

StaffWage Rates:
Staff I
sraff 2
Staff 3
Staff training

$2L27 per hr x 7.2 hrs/ week 7,965
S20.19 per hr x 7.2 hrs/ week 7,560
$14.00 per hr x I1.25 hrs/ week 8,190

900

Total staff costs 25,^515

Office Space

Admin. Support

Tolls

RentaV Cleaning

Reception/Admin

Staff I
Sraff2
Staff3

Newsletter
Postage

Envelopes

Mail-outs 1,305.65

Photocopying 491.40

Total overheads 5,517.65

1,5L2

1,350

108

216
1,026

200
49r.40
r22.85

1,512

1,350

1,350

Total cost of
intervention support
for study patients

31,032.65

*Figures supplied by the regional Sports Foundation accounting department

4.4.2.3 General Practice Staff Costs

At participating practices, the average charge for patients with a community services card

(Al) or high-users card (AZ), during the 2000-2001 period, was $20. The average for those

without a card (A3) was $35. The usual general practitioner consultation time within the

study was 15 minutes. The average fee, received from patients' charges and govemment

subsidies, was $35 ($140/hour revenue from general practitioner consultations). The

recommended standard practice nurse wage was $19.12 per hour assuming at least five years

of practice experience (personal communication with the national Nurses Organisation). The

average recorded time to give a Green Prescription was seven minutes for general

practitioners and thirteen minutes for nurses.

Amongst the 451 intervention study patients, 385 received their Green prescription from a
general practitioner. The other 66 patients received the intervention from the practice nurse-
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either by way of refenal from the general practitioner, who did not have time to give the

intervention, or within independent practice-nurse consultations. The opportunity cost for
the Green Prescription delivered by a general practitioner was just under one consultation for
every two Green Prescriptions delivered. The costs involved in delivering the intervention
are estimated to be $14.59 per patienr (Table 4_29).

Table 4-29 General Practice Staff Costs of Delivering the Green Prescription
Intervention

385 Green Prescriptions given by general practitioners @ Tmin/scripr: 0.1l7hr x $140 = $16.3g
and $16.38 x 385 patients = $6,306.30.

!! Qeen Prescriptions given by practice nurses @ l3min/script: 0.2l7hr x Ig.LZJ1= $4.15 and
$4.15 x 66 patients =$273.90

$6'306.30 + $273.90 = $6,580.20 / 451 patienrs = $14.59 per parienr

Very few patients recalled receiving follow-up advice from the general practitioner or nurse

with respect to the Green Prescription prograrnme over the followi ng lZ months. Of the 3g9

intervention patients who attended follow-up, 87 said that they recalled receiving further
advice from their health professional throughout the year after the initial intervention (Table

4-30). The added cost spread across all patients receiving the intervention was an extra $4.60
per patient over the l2 months after intervention delivery.

Table 4-30 Average Cost of Follow-up Advice from General Practitioner or practice
Nurse during the 12 months following Intervention Delivery

Doctor or nurse
who gave
follow-up

Number of Average
subjects receiving duration of
advice throughout advice/session*
the year

Average
number of
episodes of
follow-up/yr

Total Cost Cost per
patient **

Doctor

Nurse

Not stated

64

T4

I

2.3 minutes

7.8 minutes

5.8 minutes

2.9

6.1

4.8

$99s.84 $15.56

$2r?.27 $15.16

$584.64 $64.96
Total average

*As estimated by patient. **Assuming cost of nurse time $19.40/hr and opportunity cost of Gp time
$l4Oihr. For those not stated, it was assumed that the advice had come from the Gp (more
conservative assumption-than assuming the nurse saw them). # Total cost/389 patienis who had
received intervention and had returned for follow-up. It was assumed that non-attendees had the
same rate of fcllow-up advice from health professionals.
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4.4.3 Offset Costs

4.4.3.1 Patient Exercise Costs

Personal costs incurred as a result of exercise are presented in Table 4-31. Three hundred

and thirty intervention participants responded to the question on whether they found their

increased physical activity pleasurable, not pleasurable or neither. Of these respondent s,27I
(82Vo) said it was pleasurable, 18 (5.SVo) said it was not pleasurable and 4l (l2%o) said it was

neither. As most participants found these activities pleasurable and because the increased

exercise was generally not done during work hours, zero opportunity cost for the time spent

on increased activity was assumed. Furthermore,4SVo of the participants were retired or not

in current employment.

Only 85Vo of the study participants attended the l2-month follow-up. The percentage not

attending follow-up was the same for intervention and control groups. It was assumed that

the costs were as high for non-attendees in each group as attendees of the same group, to

obtain the most conservative costing intention-to-treat analysis (i.e. intervention and control
groups). The incremental cost difference of exercise-related costs incurred bv the

intervention compared with the control group was $26.96 per patient per year.

Table 4-31 Offset Patient Costs Associated with Exercising for the Year between
Baseline and Follow-up

Description

Exercise/ sports shoes

Exercise group, sports
club or gym
membership

Exercise or physical
activity equipment

Other costs associated
with exercise

Travel cost #

Intervention total cost
(cost per patient) in
$NZ* n=389

$16,823 ($43.25)

$23,004 ($s9.14)

$15,87t ($40.80)

$3,991 ($10.26)

s32,228 ($82.8s)

Control total cost
(cost per patient) in* n=361

$12,380 ($34.2e)

$17,986 ($49.82)

$9,673 ($26.80)

$3,688 ($10.22)

$31,843 ($88.21)

Total $erB17 ($23630) $7s,s70 ($20934)

* Number of participants that incurred this cost in the 12 months between baseline and follow-up,
multiplied by the average cost incurred, gives the total cost incurred by the group.

# Travel cost equals total km per week x 16.6 centvkm x 52 week = cost per year
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4.4.3.2 changes in Primary and Secondary Heatth Care Costs (year| - yearl)

Table 4-32 shows the number of general practice visits of intervention and control patients

for the year preceding baseline and the year between baseline and follow-up. This data were

collected on 677 study participants (74Vo intervention participants [n - 332] and 8l7o control

participants [n - 3461). Eight practices (5 intervention and 3 control) were nor able to, or

chose not to provide the information on general practitioner visits. In add.ition, data were

missing on a few individuals who left the area soon after enrolling in the study.

Community services or high-users subsidy cards were held by 54Vo of control patients

(n=231) and 49Vo of intervention patients (n=219). Community services card status could

not be ascertained for four of the 878 participants. It was assumed that these patients did not

have a community services subsidy card for the intention-to-treat analysis.

An average charge to patients for general practitioner consultations in the region was

approximately $35.00 for an .{3 consultation and $20.00 for an Al or AZ consultation. An
average cost to the patient of $10.00 was used for accident-related visits to a physiotherapist,

chiropractor or osteopath. (Personal communication with local health providers)

The number of physiotherapy, osteopathy and chiropractic accident-related patient visits for
the year prior to baseline and the year following baseline, are also included. Information was

available on 750 of the 878 participants because these data were collected at follow-up. An
intention{o-treat analysis was also conducted that assumed those who did not attend follow-
up had no change in their rate of visits over the two years.
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Jafte 4'32- change in P-rimary Health 
_care use by Study participants for the year-

Before and the Year'After Baietine (adjusted ror innatiln and discounted at1vo)

Description Intervention:
Yr I (n*)
[average no.
visitV
patientl

Intervention:
Yr 2 (n)

[average no.
visitV
patientl

Change
Yr2-Yrl
av. no.
visits/
patient

Control:
Yr I (n)

[av. no.
visits/
patientl

Control:
Yr 2 (n)

Iaverage
no. visits/
patientl

Change
Yr2-Yrl
av. no.
visits/
patient

Incremental
Change
average no.
visitV
patient

TotalGP
visits: Al

GP visits:
,{3 [cost
per patienrl

GP visits:
AZ [cost
per patientl

t227
(n=145)

18.461

846
(n=170)

14,e8l

19t
(n=15)

u2.731

l 139
(n=146)

t7.801

808
(n=l7l)
14.731

189
(n=15)

ll2.60l

1294
(n=157)

18.241

858
(n=172)

14.gel

233
(n=15)

lr5.53l

r296
(n=157)

t8.2sl

851
(n=170)

15.0u

257
(n=15)

ll7.l3l

-0.66

-t.46

-0.13

0.0r

0.02

1.6

-0.67

- 1.48

-1.73

GP Visits
Total lcost
per
patientl

2264
(n=330)

16.861

2t36
(n=332)

t6.431

2385
(n=346)

t6.e3l

2404
(n=344;

t7.03I

-0.43 0.10 -0.53

ACC GP
visits: Al
[cost per
patientl

ACC GP
visits: .A'3

[cost per
patienrl

ACC GP
visits: AZ
[cost per
patientl

168
(n=145)

ll. l6l

l0l
(n=170)

[0.s9]

t7
(n=15)

t l. l3l

t7l
(n=145)

tl.r8l

t07
(n= l7 l)
10.62)

2l
(n=15)

ll.40l

143
(n=157)

[0.et]

169
(n=172)
t0.e8l

29
(n=15)

I l.e3]

164
(n=157)

tl.04l

t37
(n=170)

t0.8U

59
(n=15)

[3.e3]

0.02

0.03

0.27

0.13 -0.11

-0.17 0.20

2.00 -t.73

ACC GP
Visits
Total [cost
per
patientl

286
(n=330)

I0.871

299
(n=331)

t0.eOl

341
(n=346)

t0.eel

360
(n=344)

tr.osl

0.03 -0.030.06

#Physio,
chiroprac,
osteopath
visits

518 (n=366)

Ir.42l
602 (n=367') 0.18
lr.64l

521
(n=337)

l1.s4l

s77
(n=.333)

lr.nl

0.19 -0.01

* 'n' refers to the number of patients in each 
".,"gory** Adjusted cost muldPlies total cost by 1.0398 to allow for inflation (which adjusts according to theratio of December 20ol consumer price index (1,065) to the o"""-u"r 2000 equivalent (1,o46)) Thediscount rate used is 5Vo.

# This category incrudes visits to a physiotherapist, chiropractor, or osteopath.
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Approximately 34vo (299/s7s) of study patients reported being admitted to a public hospital
or attending a hospital outpatients clinic in the year prior to baseline or the year between
baseline and follow-up' Table 4-33 shows the public hospital costing-data, obtained for
282/299 (94vo) of these patients (144 intervenrion and 138 control patients). unique
identifying numbers (NHIs), and therefore costing data, could not be obtained for 17
participants (10 intervention patients and 7 control patients) who had used secondary health
care services within this period' A total of $993,387 ($1,630,694 adjusted to 2001 values)
was spent on public secondary care for the study participants over the two-year period.

with respect to the rate of private hospital use, thirty-seven patients said they had attended a
private hospital in the year between enrolment and l2-month follow-up (19 intervention and
18 control patients). Actual costs for private hospital admission could not be obtained.
Therefore, the analysis does not include these costs.

Table-4'33 Change in Costs of Pubtic Hospital Admissions and Outpatient Use for theY*r-b*fur" 
"nd,h. 

y study Eni"r-*i-c"rtr adjusted for inflation)
Cost
description

Intervention
Yrl

Intervention
Yr2

Intervention ControlYr2-Yrl yr I
Control
Yr2

Control
Yr2-Yrl

Incremental
change

Totalcost
($Nz1

Mean cost
per patient
who used

$370,189

$2.s71

(n = 144)

$514,889

$3,576

(n = 144)

$144,700

$1,005

(n = 144)

$1,936

(n=138)

$3,467

(n=138)

$1,531

(n=138)

$267,119 $478,497 $211,378 _$66.678

-$526

4.4.3.3 Changes in Loss of productivity

These data were collected at follow-up, which included information from g5vo (n= 750) of
those enrolled in the study. Fifty-two percent of those who attended follow-up (n = 3g3)
were in paid employment during the year between baseline and follow-up. Complete sets of
data on the estimated number of days off work due to sickness or accident were available for
3821393 (97vo) of patients who reported being employed, at follow-up. The change in the
number of days of non-accident-related and accident-related sick leave taken from the year
before and the year after enrolment in the study, for the intervention and the control groups
is included in Table 4-34.
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Table 4-34 Change in the Cost of Days of Work due to Sickness or Accident during the
Year-before compared with the Year-after Study Enrolment for Intervention and
Control Study Participants

Days sick Intervention
leave Yrl [av.

Days per
working
personl

Interven.
Yr 2 [av.
DayV
working
personl

Interven.
Change:
av. DayV
working

Person

Control
Yrl (n)

[av. DayV
personl

Connol
Yr2 (n)

[av. Days/
personl

Control
Change
(n) [av.
Days/
personl

Incremental
Change: av.
Days/
working
person

Totalsick 842.5 [4.15] 887.5
days leave 14,25)

72t.5 749.5

t4.051 [4.16]

187 tl.0sl 267 [1.s0]

0.10 0.r l -0.01

0.45Total ACC 69.5 t0.341 153 [0.74] 0.40
davs leave

-0.05

4.4.3.4 Incremental Offset Costs

Incremental offset costs were calculated for intervention patients compared with control

patients, adjusting for clustering using a generalised least square random effects regregsion

model in STATA, and using an intention-to-treat approach (Table 4-35) (Stata Corporation

1985-2001). There were no statistically significant d.ifferences between the groups in any of
the hypothesised offset cost categories. However, all incremental offset costs were included

in the cost-effectiveness analysis to avoid the risk of a type-2 error, which could rcsult if
there was an insufficient sample size to show a real difference. There were trends evident,

particularly in visits to the general practitioner and hospital costs, which decreased in the

intervention group relative to the control group in the year following the intervention,

compared with the year before the intervention. Large 95Vo confidence intervals were

evident for the offset costs, reflecting the uncertainty of estimates with the short time span

and small sample size. Alternatively, they may reflect the fact that the offset cosrs were not

significantly different between the groups. This was parricularly likely for the differences in

loss of productivity costs, which were different by only $1.21 (95Vo Cl -$522.06,$524.49)

per patient, between the groups, over the two years.

191



Table 4'35 Offset Costs per Patient for the Intervention Group compared with the
Control Group (Intention-to-treat Analysis)

Cost Variable
(Nz$)

lntervention #
change (Yr2-Yrl)

Control group #
change (Yr2-Yrl)

Between-group r
difference (95Vo CI)

P

value

Health-funder
costs

ACC referrals

GP visits

ACC GP visits

Hospital costs

1.21 (-8.08, 10.50)

4.01 (-7.98, 4.04)

0.34 (-5.05, 5.73)

320.85 (-69, 7l l)

1.56 (-9.13, t2.20)

-0.05 (-7.15,7.05)

0.78 (-6.07,7.63)

495.03 (108,882)

4.36 (-t4.43, t3.72)

4.39 (-15.41,6.62)

-0.45 (-9.09,9.20)

-17 4. L9 (-7 22J 5, 37 4.38)

0.96

o.M

0.92

0.53

Patient costs

ACC referrals

GP visits

ACC GP visits

Costs of exercise

0.84 (4.01,5.69)

-7.24 (-t6.80,2.37)

o.24 (-t.82,2.30)

1.04 (4.48,6.56)

0.89 (-11.00, 12.80)

0.44 (-2.18,3.06)

-0.20 (-7.50, 7.10)

-8.21(-27.75, 11.32)

-0.20 (-3.51, 3.1l)

0.96

0.41

0.91

0.46236.29 (t92,281 209.37 (152,267 26.95 (45.08,98.98)
Productivity costs

Sickdays off 42.19 (-166,25t)
work (accident
and non-accident-
related)

37.47 (-78.20, 153) $1.21 (-522.06,524.49) 0.99

*Adjusted for clustering; # Not adjusted for clustering

Table 4-36 shows the incremental cost differences, for the intervention compared with the

control participant. The cost from the programme-funders' perspective was

$170.45/patient/year if all those who received the Green Prescription were included in the

analysis. A sensitivity analysis was performed that included only those referred for on-going
support from exercise specialists, in which the programme cost was $304.97lpatient!year.
The incremental cost from a societal perspective was $37.16/patient/year if all those who
received the Green Prescription were included in the analysis, and $171.68/patient/year in
the sensitivity analysis. Again, there are large 95Vo confidence intervals when offset costs

are included in the analysis.
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Table 4'36Incremental Cost per Patient of the Green Prescription Programme,
including Programme and offset Costs and Savings, by Inteniion-to-treat

Description of costs Incremental costs per
patient (NZ$)

Sensitivity analysis (including
only those Green Prescription
recipients that were refened to

Green Prescription set-up and co-
ordinating costs

Regional sports trust support costs

General practice delivery of
intervention costs

General practice follow-up support
costs

$82.45

$68.81

$14.59

$4.60

exercise specialists)

s2r6.97

$68.81

$14.s9

$4.60

Total programme costs $170.4s $s04.97

Total patient offset costs

Total health funder offset costs

$t8.62 (-55.63, 92.88)

-$178.94 (-728.s8,
370.70\

s L.2t (-522.06, 524.49)

$18.62 (-55.63,92.88)

-$ I 78.94 (-7 28.58, 370.70)

$ r.2r (-522.06, 524.49)Productivity offset costs (accident-
and non-accident-related)

Total incremental cost difference $37.16 (-945.2t, 1019.s3) $171.68 (-E10.69, 1154.05)

4.4.3.5 Sensitivity Analysis Excluding Outliers

Although offset costing data were generally distributed normally, mean values were

inJluenced by outlying values, particularly within hospitalisation data and loss of
productivity data. This distribution of data also threatened the stability of the regression

model and tended to produce large 957o confidence intervals around point estimates. Figure

4-23 shows the distribution of data for total offset costs for the intervention group and the

control group.
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Figure 4'23 Distribution of Change in Programme and Offset Costs (Offset) for
Control Patients (0) and Intervention Patients (1) in New Zealand Dollars for the year
before Baseline compared with the year following Baseline

int€n€flliql

In a sensitivity analysis of total costs of the intervention from a societal perspective
(including offset costs), nine outliers were excluded. These included all those that had more

than a change over the two years in offset costs, of more than +$30,000 or -$20,000, because

there was a natural step in costs at these levels in the distribution of the data. The data

without these outliers had a more even spread, although most patients still had minimal
change in offset costs between the year before and the year after baseline (Figure 4-24).

This sensitivity analysis of total costs, adjusting for clustering using a generalised least

square random effects regression model significantly changed the total programme and

offset costs per patient. Instead of $37.16 (95Vo Cr: -$945.21, $1019.53) per patient, wirhout

outliers, the total cost was $272.25 (9SVo CI: -$199.39, $743.g9).
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Figure 4'Z Distribution of Change in Programme and Offset Costs (Offset) for
Control Patients (0) and Intervention Patients (f) in New Zealand Dollars for the year
before Baseline compared with the Year following Baseline with Ouiliers* Removed

* Nine outliers (9/878) were removed from the dataset if total offset costs were greater than
+$30'000 or-$20,000 change between the year before and year after study baseline

4.4.4 Incremental cost-effectiveness Ratios and cost-effectiveness

The incremental changes of physical activity in the Green Prescription intervention group

compared with the 'usual care' control group, were included from the previous cluster

randomised controlled trial. These changes were 34 minutes/week (95Vo CI: 2.4,64.2) or

0'38 kcal/kdday (95Vo CI:0.07, 0.69) for moderate/vigorous-intensity leisure-time physical

activity and 1.34 kcal/kg/day (95Vo Cl O.57,2.12) for total energy expenditure. Cost

effectiveness ratios from a progralnme funder perspective and a societal perspective are

presented in Table 4-37. Sensitivity analyses are also presented in Table 4-37, which exclude

Green Prescription recipients who were not referred to exercise specialists, from the

analyses.

irils\gtli6l
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Table 4-3T lncremental Monthly Cost-Effectiveness Ratios (CER) for the GreenPrescription vs' Usual Care from Programme-Funder and Societal perspectives withSensitivity Analysis

Monthly Incrementat Cost
Categories

#iCERs #CERs from a *sensitivity *Sensitivity analysis offrom societar perspective analysis of cERs from a societalprogram- (957o confidence CERs from perspective (952ofunder inbrval) programme- confidence interval)perspective funder

participant per month

cost of increase in energy $r0.59 $2.31 (-58.78, 63.40) $18.96 $10.6g (-50.42,71.77)expenditure per kcaL/kglday

cost of increase in moderate $37 -37 $g.16 (-207.26, $66.g7 $37.65(-177.7g,253.0g)or vigorous leisure activity Z23.Sg)
per kcal/kglday

Cost of increasing moderate $25,36 $5.47 (-13g.90,
or vigorous leisure activity by l4g.g4)
one hour per week

# Allocating programme set-up costs to utt cr*n @GiEipienrs * Alrocating progru.-":set-up costs only to Green Prescription recipients that weL refened to exercise ,p".]?rir"

Table 4-38 presents a cost-effectiveness analysis of the Green prescription intervention
compared with the 'Lifestyle' Project Active exercise intervention and the .Structured,

Project Active exercise intervention (Sevick, Dunn et al. 2000). The project Active
interventions were community-based and evaluated amongst less-active adults, although the
age group differed slightly (35-60 years) and the follow-up was 24 months. Even so, the
Green Prescription intervention was more cost-effective than the project Active
interventions.

The results of the Green Prescription randomised controlled trial also showed that for every
l0'3 Green Prescriptions written and referred, one extra person reached the target of 2 %
hours of at least moderate leisure-time physical activity per week. Therefore the cost of
converting one 'sedentary' adult to an 'active' adult, over a twelve-month period, was
NZ$1,756 in programme costs' This meant that the Green prescription intervention was also
more cost-effective than the 'Prescription for Exercise' programme in primary care,
evaluated in the united Kingdom (UK) (stevens, Hillsdon et al. l99g). The cost of

$45.38 $25.24(-t I 9, I 5, I 69.6 I )
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converting one 'sedentary' adult to an 'active' adult, in the UK programme, wils NZ$g,663 3

(t'IKf2,500) in programme costs. The uK evaluation included a similar age group (45-74
years) although the foilow-up was slightry shorter (eight months).

Table 4'38 Cost Effectiveness Ratios for the Green prescription Compared with
tion programmes"

Monthly Incremental
Cost Categories

CERs forGreen
prescription programme

CERs for Project Active CERs for project Active
'Lifestyle'Programme .Structured'progr"*-"

Cost of programme per $14.20
participant per month

Cost ofchange in energy $10.59
expenditure per
kcaUkg/day (9SVoCt)

Cost of change in at $j7 .37
least moderate intensity
activity per kcal/kg/day
(95VoCI)"

$41.26

$48. l I

$43.31

$t 18.62

$170.80

$3s8.43

(Sevick, Dunn e.t al.

All costs were converted to New kaland
$US0.4157 or $USl = $N22.4056.

dollars using the December 2001 exchange rate, $NZl =
* comparisons with the hoject Active 6-month results were not used, as these values were even lesscost-effective than at 24 months (Sevick, Dunn et af. ZOOOI. 

-

" The Green hescription study used moderate or vigorous leisure-time physical activity; whereas theProject Active study included all moderate o. uilgo-.ou, physical activity. This may produce anunderestimate of the comparative cost-effectiv"n"rrif th" io..n hescription intervention.

4.4.5 Summary

The monthly cost per participant of the Green prescription programme was $14.20 from a
programme funder's perspective and $3.l0 (g5vo cL _7g.76 to g4.g6) from a society,s
perspective, if all Green Prescription recipients were included in the analysis. ln a sensitivity
analysis' it was found that if only those who were also referred to the exercise specialists at
Sports Foundations, were included, then the monthly costs per participant were $25.41 and
$14.31 (95Vo CI: -$67.56 to g96,17), respectively.

when offset costs of intervention and control groups were compared, there were no
significant differences' However, there was a trend towards more exercise-rerated costs to
the patient (such as exercise shoes, equipment or membership fees) and lower hospitalisation
costs for intervention patients compared with control patients. All offset costs were included

3The 
exchange rare used was uKf 0.2gg6 = NZ r.(D from December 20ol
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in the calculation of cost effectiveness ratios from a societal perspective. However, these
estimates have large confidence intervals showing the uncertainty surrounding any possible
offset of costs.

The cost of increasing moderate or vigorous leisure-time physical activity in one person by
one hour per week, using the Green Prescription prograrnme, was $25.36 per month from a
progranrme funder's perspective and $5.47 (95Vo CI: _$13g.90 to $149.g4) per month from a
societal perspective' The total cost of moving one 'less-active, person to the recommended
level of activity over a one_year period, was $1,756 in programme costs. The Green
Prescription intervention was more cost-effective than the project Active community
exercise interventions in the united states and the 'prescription for Exercise, primary care
scheme in the United Kingdom.

198



5 Discussion

5.1 Introduction

This chapter provides a discussion of the three inter-related studies that make up this thesis.
The first part refers to the findings of the validity and reliability study of the two physical
activity questionnaires' The second part discusses the findings of the pilot study and cluster
randomised controlled trial of the Green Prescription intervention. Lastly, the find.ings of the
cost-effectiveness analysis of the Green Prescription are discussed. chapter 6 will present
the conclusions of the thesis.

5'2 Discussion of the Physical Activity Questionnaire Reliability and
Validity Srudy

5.2.1 Main Findings

The AHS questionnaire has demonstrated acceptable test-retest reliability and adequate
validity when compared with the reference standards of 7-day diary and pedometer
recordings for moderate-intensity physical activity as well as total energy expenditure.
Results from the GSS questionnaire tended to underestimate all activity variables compared
with the diary, although correlation coefficients were acceptable when compared with the 7-
day diary and pedometer recordings. Both questionnaires, and the AHS physical activity
questionnaire in particular, would be appropriate for use within epidemiological study in
primary care' The results from this study have been published @lley, Kerse et al. 2003a).

5.2.2 How the Findings relate to previous Research

For the purposes of this study, accepted levels of reliability and validity reported in the
literature from studies using comparable physical activity measurement techniques have
been used as a benchmark to measure the adequacy of results achieved here (Appendix 3).
The correlation coefficients of validity for the two physicar activity questionnaires appear to
be as good as that achieved for other physical activity questionnaires used in
epidemiological study.
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5.2.2.1 Test-retest Reliability of the Three-month Recall AHS Questionnaire

In this study, Spearman's correlation coefficients for test-retest reliability ranged from 0.71

for total energy expenditure estimates, to 0.48 for leisure-time moderate-intensity activity
(Chapter 4, section 4.2.4). Like many studies of physical activity questionnaire reliability,
total energy expenditure tended to have higher test-retest reliability than other activity sub-

categories as discussed in Chapter 2, section 2.3 (Bharathi, Sandhya et al. 2000; Wareham,

Jakes etal.2002).

Although the correlation coefficients found in this study are not high, they are in the same

range as those achieved with other physical activity questionnaires used in large population-

based studies (Table 7-1, Appendix 3). Examples of reliability correlation coefficienrs from
other questionnaires for different activity categories include the EPIC questionnaire (0.47-
0.89) (Pols, Peeters et al. 1997), a modified Baecke questionnaire (0.73-0.82) and the pre-

EPIC questionnaire (0.42-0.60) (Pols, Peeters et al. 1996). Correlation coefficients of
reliability in the same range were also found with the College Alumnus questionnaire (0.34-

0.72) (Ainsworth, Jacobs DR et al. 1993), and a new physical activity questionnaire used in
epidemiological study (0.37-0.62) (Suzuki, Kawakami er al. 1998). The correlation
coefficients found in this study are also similar to those of recognised physical activity
questionnaires used amongst the elderly. Examples include the Yale physical activity survey
for the elderly (0.42-0.65) @ipietro, Caspersen et al. 1993) and the pASE questionnaire
(0'68-0.84) (Washburn, Smith et al. 1993). In addition, correlation coefficients were in the

same range as in reliability studies using well-recognised questionnaires amongst other sub-
groups. Examples of this include the 7-day recall questionnaire (0.33-0.86), Godin-Shephard
survey (0.37-0.75), Harvard Alumni Survey (0.23-0.63), National Health lnterview Survey
(0.31) and Baeke questionnaire (0.25-0.87) amongst Latinos (Rauh, Hovell et al. l99Z).

Many of these studies have used Pearson correlation coefficients, which sometimes produce

higher values than non-parametric statistics, such as Spearman's correlation coefficients,
when data are skewed, which is frequently the case with physical activity data. tn addition,
the interval between questionnaire administrations has varied markedly, as reported in
Chapter 2, section 2.3.6. Despite the variability in methodologies used, correlation
coefficients of test-retest reliability for different activity categories achieved in the present

study, are acceptable when compared with those found in the literature.
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Intraclass correlation coefficients for reproducibility of 0.52 to 0.81 achieved in this study

were also variable but in the same range as those achieved by other physical activity
questionnaires used in epidemiological research. Examples of these include the physical

activity questionnaire used in the WHO-MONICA project (0.45-0.92) (Roeykens, Rogers et

al' 1998), and the Canadian fitness survey (0.23-0.36) (Weller and Corey l99g). The
Tecumseh Community Health Study questionnaire, the Five City project questionnaire and

the Baeke questionnaire (0.47-0.95) also achieved similar intraclass correlation coefficients
for reliabiliry (Philippaerts and I-efevre l99g).

5.2.2.2 Validity of the Three-month Recalt AHS Questionnaire and the Two-week Recall

GSS Questionnaire

There was reasonable correlation between the two questionnaires and the 7-day diary for
total energy expenditure, total moderate activity and leisure moderate activity. Spearman's

correlation coefficients ranged from 0.50 to 0.74 for the AHS questionnaire and 0.55 to 0.99
for the GSS questionnaire (Chapter 4, section 4.2.5). Again, the highest correlation

coefficients tended to be found for total energy expenditure (r = 0.59-0.74), (except for the

GSS questionnaire where leisure-time vigorous activity was very highly correlated with
estimates from the 7-day diary (r = 0.99)).

Other validity studies of physical activity questionnaires have used activity diaries as a
reference and achieved correlation coefficients in the same range as those found in the

current study (Anoll, Jackson et al. l99l; Ainsworth, I-eon et al. 1993; pols, peeters et al.

1997). For example, correlation coefficients of 0.25-0.86 were achieved with the College
Alumnus physical activity questionnaire (Ainsworrh, Jacobs et al. 1993), and 0.63-0.73 for
heavy activity and 0.23-0.39 for light activity with the ARIC/Baeke quesrionnaire

(Richardson, Ainsworth et al. 1995). Correlation coefficients of 0.39-0.55 for total and

heavy activity were achieved with the Minnesota leisure time physical activity questionnaire
(Richardson, Lron et al. 1994), and 0.28-0.81 with the EPIC core questionnaire (pols,

Peeters et al. 1997) when compared with 48-hour activity records and 3-day activity diaries,
respectively. Although these results suggest the questionnaires are probably adequate for
population-based estimation of physical activity, the authors of the latter study
recommended that this level of validity was not adequate for estimating individual energy

expenditure @ols, Peeters et al. 1997). Again, many of these studies used pearson's rather
than Spearman's correlation coefficients in their analyses, ns discussed in Chapter 2.
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spearman's correlation coefficients found for the AHS and GSS questionnaires compared
with pedometer recordings were 0.37-0.61 for total moderate activity. These coefficients are
comparable to those found for other physical activity questionnaires that used motion
sensors as a reference such as the questionnaires reviewed by Laporte (Laporte, Montoye et
al' 1985)' other studies found similar results. correlation coefficients of 0.49-0.64 were
found with the PASE questionnaire (washburn and Ficker lggg) and 0.52 with a scottish
physical activity questionnaire (Lowther, Mutrie et al, 1999). Moderate-intensity physical-
activity as measured by the Minnesota Irisure Time physical activity questionnaire had a
correlation coefficient of 0.23 when compared with motion sensors (Richardson, Lron et al.
re94).

The use of correlation coefficients alone to assess agreement between two measurement
techniques may be misleading (Bland and Altman 1986). The scale or absolute values from
the two measurement techniques may be quite different but still produce high correlation
coefficients' For example, mean estimates of activities were very similar for the AHS and
the 7-day diary, but significantly lower for the GSS, yet correlation coefficients were as high
for the GSS questionnaire as the AHS questionnaire. To assess agreement, Bland and
Altman developed a graphical depiction whereby the difference between the values obtained
by each measurement technique are plotted for each individual against the mean of the two
values (Bland and Altman 1986). The Bland-Altman graphs for toral moderate activity and
total energy expenditure for the GSS questionnaire show mean discrepancies below zero,
indicating underestimation of activity compared with the diarv.

The Bland-Altman graphs of total moderate activity and total energy expenditure for the
AHS questionnaire compared with the 7-daydiary show mean discrepancies of close to zero,
but large standard deviations. consequently, the AHS questionnaire is adequate for
epidemiological study but may not be suitable for individuar estimation of activity levels.
Bland-Altman plots are rarely presented in physical activity questionnaire reliability and
validity studies' when they are presented, results are often disappointing (pols, peeters et al.
1997)' This may reflect the fact that physical activity questionnaires are not precise due to
the real variability in peoples' activity patterns on a daily, weekly or seasonal basis. The
reporting of activities is also open to recall bias and variability in individuals, judgement as
to the intensity of activities. In addition, most physical-activity assessment methods estimate
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different aspects of activity, resulting in less than optimal agreement of estimates using

different methods for measuring physical activity.

5.2.3 Strengths and Limitations of the Study

The 75Vo response rate and 677o completion rate achieved in the current study, means that

study participants are likely to be representative of the target population of ,less-active'

adults in primary health care, particularly those targeted for physical activity interventions.

Validity of the questionnaires has also been assessed for individuals of a low average

educational background, not highly educated volunteers, as in other studies (Roeykens,

Rogers et al. 1998; Suzuki, Kawakami et al. 1998). Ethnicity was representative of the

region. Furthermore, the reliability and validity study was conducted in the every-day

general practice setting. These features will aid the generalisability of findings.

The study used a combination of recall and objective activity measures to assess validity of
the questionnaires. Test-retest reliability was carried out over one to two weeks. This was an

appropriate interval as the interval was not long enough to be asking about different periods,

and not short enough to risk remembering answers from the previous administration of the

questionnaires. If the time period of recall is different for the two administrations of the

questionnaire, correlation coefficients are likely to be lower, reflecting real changes in
activity, not weaknesses of the instrument (Booth, owen et al. 1996).

Limitations of this study include the small sample size, which limits both the power of the

analysis and the generalisability of findings. Furthermore, the validation study was

undertaken alongside the intervention pilot study. There is a risk that the intervention caused

change in activity levels over the validity study period, potentially reducing correlation of
activity estimates taken at different times. However, to avoid potential change in physical

activity behaviour during the validity study, intervention patients did not undergo the

reliability and validity component of the research until after the intervention study was

complete. Even so, the patients may have been more awile of their activity levels than usual

following the pilot study, which may have biased results.

During the validity study, the physical activity diary recorded the acrivities of a week, while
the AHS questionnaire asked about usual activity over the last three months. Therefore, you

would expect some variability in responses from these two tools, which may reflect real
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differences in activity, as periods of recall differed in length. The GSS questionnaire had a

more similar period of recall to the diary, asking about activity over the previous two weeks.

Activity diaries and pedometer recordings were chosen for validation comparisons in this

study because of their practicality and accepted use as validation tools in the literature
(LaPorte, Montoye et al. 1985; Wilson, Paffenbarger et al. 1986; pols, peeters et al. l99g).
However, there is also a potential for correlated errors between diary estimates and

questionnaire estimates, because both methods rely on subjective recall of activities.

Furthermore, pedometers measure the number of steps while questionnaires ask about all

activities and their intensity. Pedometers do not take into account intensity of activity and do

not measure upper body activity. Consequently, this and other studies have found only
modest agreement between self-reported physical activity (diaries, records and

questionnaires) and motion sensors (LaPorte, Montoye et al. 1985; Washburn and Ficker

lee9).

Physical activity levels assessed by heart rate monitoring and doubly labelled water

techniques are recognised as more accurate reference measurements (Montoye, Kemper et

al. 1996; Rennie and Wareham 1998). Even so, when these methods have been used in

physical activity questionnaire validation studies, they often produce similar results to
studies using self-report validation tools (Philippaerts, Westerterp et al. 1999). The use of
doubly labelled water as a validation reference, for total energy expendirure, would have

been an optimal choice, although the expense and availability of doubly labelled water

limited this as an option. Other objective measures such as heart rate monitoring or VO2
max could have been used as a reference comparison. However, the older age of the

participants, and the complications such as heart rate changes due to emotion, or medication,

limit their use in older populations. VO2 max is an objective measure, but correlates more

closely with physical fitness or vigorous-intensity activity, than light- or moderate-intensity

activity (Hopkins, Wilson et al. l99l). The participants of the current study were selected for
their low activity status, so such objective measures may have been of limited use in
assessing levels of mostly moderate and light activity. Consequently, there .ue some

limitations to the use of objective measures as reference standards to assess the validity of
self-reported physical activity. Therefore, a combination of subjective and objective

reference standards was used in this studv.
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5.2.4 Implications and Recommendations for Future Research

The current study has addressed the shortage of physicar activity questionnaires that are
valid and practical for use in primary care research (Litrre and Margetts 1996). In addition,
total energy expenditure, as well as the component leisure-time, domestic and occupationally
related activity, can be estimated from these two short questionnaires. I-evels of reliability
and validity for the questionnaires were as high as those reported for most other physical
activity questionnaires used in epidemiological research. This was found, despite the fact
that the questionnaires were filled out by an educationally diverse and .less-active,

population who participate in mostly right or moderate activity.

Because the reliability and validity were judged to be adequate, the AHS physical activity
questionnaire was chosen for use in the subsequent randomised controlled trial of the Green
Prescription' The AHS questionnaire had already been validated amongst a random sample
of 113 adults in New 7*aland (Arroll, Jackson et al. l99r). It has now been revalidated
amongst 34 systematically selected less-active adults in a primary care setting @lley, Kerse
et al. 2003a).

In general, physical activity estimation from questionnaires will produce only an
approximation of reality' However, there is a real need for activity measures that are suitable
for use in primary care research. It is also important that valid tools are used to measure
outcomes for trials, which has been a priority for the Green prescription trial in this thesis.
Even so' the physical activity questionnaires, to date, are not useful for estimating ind^ividual
activity levels in clinical practice. The investigation of measures useful for clinical practice
is a whole new area of research.

5'3 Discussion of the Green Prescription Cluster Randomised ControlledTrial

5.3.1 Pilot Study Findings

The pilot study demonstrated good acceptability of the study protocol and intervention. High
rates of screening, study participation, and two-month follow-up, were achieved and the
study participants were drawn from representative ethnic and socio-economic backgrounds.
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The pilot study fulfilled the aims of assessing the acceptability to the practice staff and

patients, of the screening process, intervention delivery, and study protocol. The pilot study

also predicted the likely recruitment and participation rates. Some trends were evident in

outcome measures, which reinforced the need for a randomised controlled trial. The pilot

study also provided estimates of outcome variable means and standard deviations that could

be used to check the sample size calculations for the cluster randomised controlled trial.

5.3.2 Baseline Analysis of the Randomised contro[ed rrial

There were high panicipation rates in the randomised controlled trial, with 74Vo (ll7ll59) of
general practitioners in the region, and 66Vo of 'less-active' patient s (87811322) participating

in the study. An analysis of the baseline results from this study has been published @lley,
Kerse et al. 2003b).

This study population of 'less-active' adults, visiting their general practitioner, had similar

demographic characteristics to the age-matched general population. However, they had a

high prevalence of cardiovascular risk factors compared with the general population. Over

half of the present study population was hypertensive. Nearly all participants (932o) had at

least one risk factor for cardiovascular disease, 79Vo were overweight and, 43Vo were obese.

The prevalence of known diabetes among study participants was LO.SVo, which is
considerably higher than in the general population. Similar high rates of card.iovascular risk

factors have been found in previous studies of less active adults in primary health care

(Simons-Morton, Hogan et al. 2000), although the study by Simons-Morton and colleagues

involved mainly adults from a higher socio-economic background.

In the present study, even within a 'less-active' population, low levels of total energy

expenditure were associated with higher cardiovascular risk after controlling for gender, age,

body mass index, ethnicity and economic status. Again, these results are similar to those

found in the Simons-Morton study (Simons-Morton, Hogan et al. 2000). Therefore, targeting
physically inactive patients has the potential ro detecr individuals at high risk of
cardiovascular disease. Changes in other cardiovascular risk factors, as well as inactivity,

could follow such systematic screening and subsequent intervention.

Baseline levels of physical activity were lower amongst those who were female, older, of
lower socio-economic status, recently hospitalised, taking more medications, or at high

cardiovascular risk. These findings support previous research, (Simons-Morton, Hogan et al.
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200a) and may help primary care health professionals to identify the .at-risk, individual for
physical acrivity counselling.

In the present study, the baseline sF-36 quality of life scores of this ,less-active, population
were significantly lower for almost every quality of life parameter, when compared with
age-similar and gender-matched norrns for New Tnaland (scott, Tobias et al. 1999). This
was demonstrated in chapter 4, Figures 4-14 to 4-l7.The lower quality of life may have
been associated with the 'less-active' and high pre-existing morbidity status of this
population' Alternatively, it may have been representative of patients visiting their general
practitioner or feeling unwell on the day of recruitment.

The single screening question used to identify sedentary patients as they entered the practice
was efficient and effective. Indeed, this question could be easily replicated both in research
and in practice' The study population identified was more sedentary than the general
population' as only lgvo wete achieving 2.5 hours of moderate or vigorous leisure-time
activity per week compared with at leefjt 60vo of New 7*aland adults (Ministry of Health
1998)' The total energy expenditure of 33.8 kcawglday and ll.6 minutes per day of
moderate or vigorous leisure-time activity, are typical of sedentary populations found in
other studies (Simons-Morton, Hogan et al. 2000). These findings reflect the sedentary
nature of this study population.

The positive predictive value of the physical-activity screening question was encouraging
(8lvo)' Although this question was developed empirically, it has not been validated against
more objective physical-activity measures. Sensitivity and specificity could not be estimated
because the prevalence of inactivity' amongst adults visiting their general practitioner is not
known' and was not measured in this study. It could be assumed that the adult population
visiting the general practices had the same prevalence of inactivity, as the New Zealand
population (e'g' 40vo).If this were the case, the activity-screening question used in this study
would have a sensitivity of 92.5vo and specificity of 85.5vo.However, these figures are only
theoretical' There is a need to assess criterion-related validity and test-retest reliabilitv of
this single screening question in the future.

5.3.2.1 Strengths and Limitations of Baseline Analysis

Many prior studies of sedentary adults in primary health care have been carried out within
only one or two family practices @ult and Jamrozik lggg; stevens. Hillsdon et al. lggg:
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Halbert, Silagy et al' 2000). Alternatively, study populations have comprised higher socio-
economic well-educated patients from urban or university-linked family practices (The
writing Group for the Activity Counseling Trial Research Group z00l). These
characteristics of previous studies limit generalisability of their findings. By contrast, the
present study had the advantage of sampling from a wide range of urban and rural general
practices (n42) with a high rate of participation from a large geographical region. These
features enhance the externat validity of the findings.

Demographic characteristics of study subjects appeared to be representative of the general
population' The propottion of MEori in the study (l7Eo) was similar to regional (lgqo) and
national (l4%o) figures @epartment of Statistics New Zealan d 2002). lrvels of formal
education were low but were similar or slightty lower than national levels for similar age
groups (Department of statistics New Zealand 2002). Socio-economic status was similar or
slightly lower than national figures using the proportion of community services cardholders
as an indicator @epartment of statistics New Zealan d 20(,2; work and Income New
znaland 2002)' Therefore, study participants were from diverse backgrounds. populations
with low socio-economic or low educational status were well represented.

There are, however, some limitations to this study. The characteristics of the 33vo of
sedentary patients who declined to participate are not known. some commented they did not
have time for baseline measurements on the day of recruitment. This constraint may
introduce a bias by excluding busy people. It is not possible from this study to determine
how many declined because they were not willing to receive a lifestyle intervention. Nor
could it be determined how many did not have time on the day, how many did not feel well
enough' and how many did not want to take part in the research. However, it is interesting to
note that two thirds of all 'less-active' adults identified in the waiting rooms of medical
practices were willing to receive a lifestyle intervention from their general practitioner.

A small percentage of enrolled patients did not complete baseline measures owing to lack of
time' It could be argued that recruitment of patients from the waiting room, measurements
taken immediately, and interventions delivered at the general practice, rue more
representative of the real-life circumstances of screening for risk factors and delivering an
intervention' However, the conditions and time available in such circumstances are less
easily controlled than in a raboratory or pre-ananged setting.
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There is also the possibility that the high rates of cardiovascular risk and morbidity were

characteristic of adults visiting their general practitioner rather than of 'less-active' adults.

However, there is evidence that the levels of morbidity in a random sample of the population

are similar to those of a random sample of patients who visit their general practitioner

(O'Toole, Driver et al. l99l).

5.3.2.2 What the Baseline Findings Mean

As a large at-risk 'less-active' population can be easily identified in general practice, the

public health issue of physical inactivity may justifiably be seen as a clinical problem within

primary health care. This is particularly so because nearly 80%o of all adults visit their

general practitioner at least annually, including more than gOVo of over 65 year olds

(Ministry of Health 1998). Furthermore, two thirds of all those adults identified as 'less-

active' were willing to participate in a study that involved a clinician-based lifestyle

intervention. Screening for inactivity can be justified because physical inactivity is an

important risk factor for cardiovascular disease, and is a marker for other risk factors.

Furthermore, inactivity is amenable to certain clinician-based physical activity interventions

(The writing Group for the Activity counseling Trial Research Group 2001).

5.3.3 Main Findings of the cluster Randomised controlled rrial

This study has shown that the "Green Prescription" intervention in general practice is

effective in increasing physical activity and improving health-related quality of life over l2
months without evidence of adverse effects @lley, Kerse et al. 2003c). In particular,

statistically significant increases were found in leisure-time moderate- or vigorous-intensity

physical activity, as well as total energy expenditure amongst the intervention group

compared with the control group. Improvements were also found in the SF-36 scores of
'general health', 'role physical', 'vitality', and 'bodily pain' amongst the intervention group

compared with the control group. There was no increase in falls, injuries or hospitalisations

amongst the intervention group compared with the control goup. In fact, there was a trend

towards fewer hospitalisations. A trend towards improved blood pressure was also

demonstrated amongst the intervention group compared with the control group, with or

without controlling for antihypertensive medication change. However, no significant change

in 4-year risk of coronary heart disease was detected.
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For every ten Green Prescriptions written, one person achieved and sustain ed ZVzhours of
moderate- or vigorous-intensity leisure activity per week, at 12 months. Achieving this
amount of activity, approximately 1000 kcal/week, is associated with a 20-30Vo i,sk
reduction in all-cause mortality compared with persistently sedentary individuals (I-ee and

Skerrett 2001).

The systematic review, of physical activity counselling in primary health care, that was

summarised in Chapter 2, section 2.3 of this thesis, was inconclusive about the longer-term
effectiveness of physical activity interventions in primary care. This study has added

substantially to the literature, by demonstrating and quantifying an effect of such an

intervention over l2 months.

5.3.4 Methodological strengths and Limitations of the study

This subsection discusses the techniques used in this trial to address the methodological
challenges of conducting effectiveness trials in the community. Both the strengths and the
limitations of these techniques and the results achieved in this study are discussed below.

5.3.4.1 Participation Rates

As stated above, the findings of this study have widespread generalisability, due to high
participation rates, recruitment of consecutive patients, and the socio-economic diversity of
the sample population. In addition, there were high rates of participation at follow-up
(7501878,85Vo).

Participant recruitment and follow-up rates were higher in this study than in previous
primary-care-based physical-activity intervention studies with long-term follow-up, reported
in the literature (Hillsdon, Thorogood et al. 1995i The Writing Group for the Activity
Counseling Trial Research Group 2001). These high rates may have been due to a variety of
factors. Baseline and follow-up measurements were carried out at usual practices to improve
participation and follow-up rates, by minimising the inconvenience to the participants. All
study participants were supplied with summaries of their results at baseline and follow-up,
which may have increased their interest. A record of 'change in outcome variables, over the
year was not supplied to participants at follow-up, as assessors d.id not refer back to baseline
values after they were collected, until follow-up data collection and data entry was complete.
However, patients could look up their own copies of results from the previous year,
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independently, or if requested, the research team offered to send out comparative results

after data entry, In addition, a $10 petrol voucher was given at follow-up to cover any travel

expenses of returning for follow-up, although participants were not usually informed of this

prior to the visit. Personalising the approach may also have helped. Wherever possible, the

same researcher conducted the baseline measures, re-contacted the patient after 12 months,

and conducted the follow-up measures at their usual practice.

The inclusion criteria of 40-79 years of age was chosen as management of cardiovascular

risk in New Zealand uses the Frammingham equation to assess risk. Change in risk was

identified as an outcome measure and the Framingham equation is valid for ages 35-75 years

(Anderson 1990; D'Agostino 2000). In addition, recent studies have measured

cardiovascular risk for those 35-75 years (Tyre 1994; Bullen 1998) and those 45-75 years

(Ministry of Health 1998). Other international trials have used similar age groups, such as

the ACT trial (King 1998). These studies provided comparisons for this study. Evenso, there

is evidence that older age groups can increase physical activity and reduce risk as a result of

primary care interventions (Kerse 1998). Therefore inclusion of participants up to the age of

80 years also allowed subgroup analysis of those under 65 years with those over 65 years.

This analysis is being undertaken, presently, but is beyond the scope of this thesis.

5.3.4.2 Adequacy of Randomisation and Intention-to-Treat Analysis

Randomisation was carried out at the level of general practice. Stratification by practice size,

ensured intervention and control group sizes were comparable. The systematic screening and

invitation of patients to participate in the study meant that the number of patients recruited

from each practice was roughly proportional to the number of general practitioners in each

practice.

The attrition of four practices (seven general practitioners) in the control group did mean

that there were slightly fewer rural-solo, and urban-larger, practices in the control group than

the intervention group. This loss also meant that there were fewer patients recruited into the

control goup than the intervention group. However, both groups had well over 400

participants (427 control and 451 intervention), which was adequate to detect outcome

differences as statistically significant according to prior calculations of sample size. There

was also no reason to believe that the slightly higher proportion of solo or large practices in

the intervention group compared with the control group, would have influenced the response
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to the intervention. However, there is a possibility that the characteristics of the practices

that withdrew from the study, or their patients, were in some way systematically different
from those that did not withdraw, which may have biased results.

The long delay between recruitment of practice and participation of the last practices during
the twelve months of rolling recruitment probably contributed to the practice attrition.
Continued contact with practices or incentives to participate may have reduced the practice
attrition rate. However, in most cases the reasons given for withdrawal were unanticipated
and unavoidable.

Even so, patient characteristics were well balanced at baseline. Statistical testing has been

considered inappropriate when judging balance of baseline characteristics and adequacy of
randomisation (Roberts and Torgerson 1999). However, additional tests have been

recommended, such as adjusting for baseline variables in sensitivity analyses of change for
each outcome variable, to ensure that no significant baseline imbalance has occurred (Raab

and Butcher 2001). Although these sensitivity analyses did not change the outcome for most
variables in this study, improvement in 'vitality' was no longer significantly different in the
intervention group from the control group. Furthermore, sensitivity analyses of physical
activity outcomes, controlling for other possible confounding factors, such as age, gender,

ethnicity' and socio-economic status found no effect on results. These findings provide
reassurance that randomisation was likely to have been adequate, that the results were
robust, and that the attrition of seven general practitioners prior to patient recruitment was
unlikely to have caused significant selection bias of study patients.

The randomisation of practices prior to patient recruitment was necessary to allow enrolment
and delivery of the intervention to the patient at the same visit to the practice. This strategy
not only maximised the delivery of the intervention and the participation of patients
enrolling and minimised the time between enrolment and intervention delivery, but it also
kept study costs to a minimum. It has been recommended that the time between screening,
enrolment and baseline readings be kept to a minimum to reduce the potential for behaviour
change and distortion of baserine results (Friedman, Furberg et al. l9g5).

However, there is an increased risk of selection bias

concealed prior to enrolment (Schulz, Chalmers et al.

blind to allocation prior to enrolment, and systematic

if allocation of inten'ention is not

1995). Therefore, patients were kept

screening and recruitment methods
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were used independent of the researcher, in order to try and minimise the potential for this

bias. There were also very few exclusion criteria, and no subjects were excluded post

enrolment. (Less than 2Vo (151878) of subjects were found to have exclusion criteria after

enrolment.) Data from subjects were analysed according to the original randomisation,

regardless of actual intervention delivery or compliance with physical activity.

In addition, an intention-to-treat approach was employed, where no change was assumed for

participants who did not attend follow-up, for all variables except coronary heart disease

risk, where a conservative estimate of deterioration was assigned. This approach has been

encouraged in community based effectiveness trials, to mimic real-life situations (Hollis and

Campbell 1999). However, others suggest that such an approach risks atype-2 error and is

less likely to show a positive outcome (Fergusson, Aaron et aL.2002). Therefore, this study

conducted a 'per protocol' sensitivity analysis (excluding those that did not attend follow-

up) to assess the effect of using an intention-to-treat approach. The results of the sensitivity

analyses are presented in Chapter 4, section 4.3.12. The 'per protocol' effect estimates

tended to be greater, but were sometimes less precise than with an intention-to-treat

approach, presumably due to the reduced sample size. The similarity of results with both

techniques shows that the results were reasonably stable.

5.3.4.3 l-ack of Blinding

The main reason the study could not be blinded was that it involved a lifestyle intervention.

The doctors and nurses from the practices were aware of the allocation of randomisation, as

they were the ones who initiated the intervention. Patients were usually aware that they had

or had-not received a lifestyle programme. The investigators were also aware of

randomisation, as all measurements were taken at the practice. It would have been difficult

to keep an independent assessor blinded to allocation of randomisation, when the subject and

practice staff were all well aware. One comment from any of those individuals would

'unblind' the allocation of all patients from that practice, because of the clustered design.

However, a review of randomised controlled trials showed that a lack of double blinding was

associated with a lTVo exaggeration of estimates of treatment effects and odds ratios

(Schulz, Chalmers et al. 1995). To minimise the risk of recruitment and assessor bias due to

the lack of blinding, self-administered questionnaires, objective and electronic health

measures, and signed rvitness statements of results were used (Friedman, Furberg et al.
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1985). The fact that baseline characteristics were well balanced suggests that recruitment

and assessor bias were minimised.

Another potential for bias was the fact that, sometimes, baseline measurements could not be

completed prior to the patient seeing their general practitioner or nurse. physical activity
status was taken first to ensure that this status was established prior to initiation of
intervention. Any outstanding measurements were taken directly after the consultation. On a
very few occasions, the SF-36 questionnaire had to be sent home with the patient to
complete and send back, due to lack of time at the practice. Within any trial where there is a
lifestyle intervention, as soon as the subject knows about the nature of the intervention, their

behaviour and therefore baseline measurements may be altered. Therefore, there was a small

risk of bias due to some baseline measures being recorded directly after a few patients knew

to which group they had been allocated.

5.3.4.4 Bias Due to Self-report

As with other physical activity trials, there was a risk of recall or 'social desirability' bias

when using self-reported physical activity as an outcome measure, as was discussed in
Chapter 2. However, the physical activity questionnaire used in this trial was validated

against pedometers and 7-day diaries prior to the trial :rmongst 'less-active' adults in general

practice. In addition, the use of physical activity questionnaires has been shown to be both
practical and valid for epidemiological study when measured against more objective
measures such as motion sensors, heart rate monitoring and doubly labelled water

(Philippaerts, westerteqp et al. 1999; sobngwi, Mbanya et al. 2001).

In addition, the use of clustering and randomising at a practice level meant that study
participants were less aware of differences between intervention and control procedures.

However, both groups were aware that they were part of a study that asked about exercise.

As such, any 'social desirability' bias may well have applied to the control and intervention

$oups in similar ways. Furthermore, 'change' rather than absolute values were used as

efficacy variables, which may also lessen the chance of any 'exaggeration' of outcomes due

to recall-bias.
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5.3.4.5 Cluster Design

The principal reason for using a clustered design in this study was to reduce the risk of
contamination of intervention. If individual randomisation had been used, general
practitioners and practice nurses would have been asked to 'turn on, and .turn off, advice,
and to treat their patients differently according to randomisation. This strategy would have
been difficult to achieve. The clinicians may have inadvertently given physical activity
advice to all patients, because of their heightened awareness of the issue of physical
inactivity or their difficulty turning on and off the advice. Alternatively, the clinicians may
have changed their usual practice and advice in an a[empt not to .contaminate, 

the
intervention to control patients. Either way, ousual practice' could have been influenced,
which may have biased results of the effectiveness of the intervention compared with ,usual

care'.

To assess the degree of contamination of intervention by clinicians at control practices
within this trial, all patients were asked at follow-up if they recalled receiving a ,Green

Prescription' in the previous year' whil e 95vo of intervention patients recalled receiving the
intervention, only 2.8vo of control patients recalled receiving a Green prescription.

Therefore, contamination of the intervention as a whole, to the control group was low.
However, this does not preclude contamination of part of the intervention. For example, it
became apparent at some control practices that the presence of the research personnel
heightened practitioner awareness about advising exercise. There was anecdotal evidence
that some clinicians increased their physical activity advice to control patients during the
week of study enrolment. The fact that the control group also increased their leisure time
moderate and vigorous activity during the study, but to a lesser degree than the intervention
group, may reflect this. Alternatively, the increase may have been due to patients knowing
that they were participating in a study about physical activity. This apparent Hawthorne
effect has occurred in previous studies (Anoll lg92). Another possibility was that other
influences in the community increased activity levels across the population, affecting both
groups in a similar way. In which case, the change as measured in this trial is an appropriate
estimate of the incremental effect of the Green Prescription intervention, over and above
background influences.

clustering also reduced the expectation of patients to receive the intervention, as all patients
from each practice were treated similarly and contact between control and intervention
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$oups was kept to a minimum. Therefore, control patients were less likely to seek a similar
prograrnme or to object to not receiving the intervention at enrolment. (There were very few
complaints about this.) In addition, study patients were informed at enrolment that control
patients would be offered the intervention, if appropriate, after the 12 months. This meant
that they were not missing out on an opportunity to receive the intervention.

It also became obvious that many of the patients forgot, or were not aware, that they were in
the control group of an intervention trial. some thought the study was designed to follow
their physical activity and health characteristics over a year. Others thought that the baseline
measures were the intervention. These reactions were found, despite full information about
the trial being provided to them at commencement of the study. These beliefs may have
worked in favour of the trial producing an unintended pseudo-blinding. The ethics
committee had not allowed blinding as to the nature of the intervention, but had agreed for
the research team to inform all patients at enrolment that the research involved a lifestyle
intervention, without specifying the details. This is an example where ethical issues must be
weighed up against scientific rigour. A reasonable compromise was reached in this case.

The risk of co-intervention using medications was also checked. Antihypertensive and lipid
Iowering medication types and doses were monitored at baseline and follow-up. No
significant difference was found between the groups that might have exaggerated or diluted
the intervention effect' It is interesting to note that the adjustment for antihypertensive and
lipid-lowering medication change had very little effect on the analysis of change in blood
pressure and coronary heart disease risk (see sections 4.3.11 and 4.3.12). This is because
medication changes were fairly balanced in both groups, which suggests that this was not a
source of co-intervention or contamination bias. Most results were unaltered in all the
sensitivity analyses.

There are some drawbacks with using a cluster randomised controlled design. Substantially
more power could have been achieved by using individual randomisation. In Chapter 2,
design effects, based on the intraclass correlation coefficients for each variable and average
cluster size, produced large inflation of sample sizes required to detect significant change
(e'g' physical activity and blood pressure). More power may have been attained by
individually randomising and inflating the sample size ro allow for the predicted level of
contamination. If the level of contamination had been less than 30Vo, thenit is Iikely that the
inflation factor would have been less than if clusiering was used (Slymen and Hovell l99: :
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Torgerson 2001)' Furthermore' if individual randomisation had been used, the achieved
sample size would have been able to detect as statistically significant, changes in variables
that were small and not considered statistically significant using a clustered design. For
example' differences in blood pressure change found in this study, were statistically
significant if clustering was not accounted for. when large trials tue expensive to conduct,
finding the most efficient way to demonstrate effect is imponant.

The analyses in this study were adjusted for clustering by practice to account for the
difference of the between- and within-practice variances of participant characteristics. In
addition, such an approach also allowed for the influence of the particular environment of
the practice' and the medical management styles of the general practitioners and practice
staff' It also allowed for the variation of intervention delivery at different practices.

5.3.4.6 Sub-group Analyses

Post-hoc sub-group analyses were carried out by gender and rurality in Chapter 4, section
4'3'll'5' These analyses found that $eater leisure-time physical-activity gains were
achieved by men compared with women (68 minutes compared with 20 minutes). The
reasons for this are not clear' urban participants tended to increase their overall total energy
expenditure by 7 '55 kcaukg/week more than their rural counterparts. The geographicar
context may have influenced the response. Anecdotally, there were comments from rural
subjects about the limited facilities and sidewalks available in the country for increasing
activity. Future studies may investigate these differences more closely.

However, the results of these subgroup analyses should be viewed with caution. This study
was not powered to undertake such analyses. In addition, the hypotheses tested by these sub-
group analyses were not determined prospectively, and therefore risk a charge of data
dredging to find significant d.ifferences. It was for these reasons that the only sub-group
analyses conducted were those based on gender and rurarit/, as these are commonly used
categories and because the sub-sample sizes were relativery large. sub-group analyses based
on ethnicity' for example, were not done because the study was not powered to do so and
sub-group sample sizes were small.
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5,3.4.7 Multiple Outcome Measures

The use of multiple comparisons to assess the three primary outcomes (physical activity,
cardiovascular risk and quality of life) may risk detecting an effect where one does not exist
(type I error) (Freemantle 2001). However, if pre-defined multiple outcomes are needed to
demonstrate several effects, these can be justified, without the need for adjustment
@othman 1986; Perneger l99s). while a significant increase in leisure energy expenditure
could have been shown in isolation, it was important to ensure that total energy expenditure
had not decreased overall. In addition, an attempt was made to detect different potential
health and quality of life benefits from a physical activity intervention.

5.3.4.8 Summary of Methodologicallsszes

Most of the methodological issues discussed here were due to the nature of conducting a
randomised controlled trial of a lifestyle intervention within the context of every-day general
practice' while there are obviously multiple methodological difficulties with this approach,
the findings may have more external validity than controlled trials conducted in artificial
environments, using interventions that may not be sustainable or have the same effect in
every-day practice.

5.3.5 How the Findings relate to previous Research

5.3.5.1 Primary Outcomes

This study builds on the findings of the initial randomised controlled trial of the Green
Prescription, which demonstrated increases in self-reported physical activity after 6 weeks
(Swinburn, walter et al. 1998). There was some indication that many intervention patients
sustained these increases when surveyed at 12 months (ibid). These assertions have been
confirmed by the present randomised controlled trial, which also demonstrated
improvements in health Parameters such as quality of life and an indication that blood
pressure may also be improved.

The present study used a true control group and the patients prompted their usual general
practitioner or nurse to deliver the intervention. Previous studies have found it difficult to
demonstrate changes in physical activity, some possibly because there was no .true control,
group included in the study (The writing Group for the Activity Counseling Trial Research
Group 2001: Dubbert, Cooper et al. 2002). Both these studies involved brief physical
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activity advice given to all three randomised groups, although the nature of follow-up varied.
others have lacked the statistical power to demonstrate effect due to poor rates of
intervention delivery (Harland, white et al. 1999). This problem was avoided in the present
study because of routine screening and patient prompting.

Furthermore, this study differed from studies that used a visiting activity specialist rather
than the usual general practitioner or nurse to initiate the intervention (Stevens, Hillsdon et
al. 1998; Harland, White et al. 1999; Halbert, Silagy et al. 2000). This difference may
suggest the importance of the role of the usual practitioner, as an intervention agent within a
continuing therapeutic relationship, to achieve behavioural change.

Ten percent more intervention patients than control patients moved from being .less-active,

to 'active' (achieving at least 2.5 hours of moderate- or vigorous-intensity leisure activity
per week) over the year. This figure is similar to previous studies. For example, a
'Prescription for Exercise' scheme undertaken in the united Kingdom, found that lzvo morc
intervention patients than control patients achieved this status eight months after the
intervention (Stevens, Hillsdon et al. 1998). In the present Grerjn prescription trial, the
proportion of study participants that had achieved the 'active' status was 34Toof intervention
patients and 26vo of control patients, as depicted in figure 4-22 of chapter 4. These figures
are also very similar to the INSURE multibehavioural intervention, where 34vo of
intervention patients and24vo of control patients were active at 12 months (Logsdo n,Lazaro
et al' 1989)' when the control group also increase their activity, it makes it difficult to know
if they would have achieved this amount without the study, or whether this was real
background improvement. The latter has to be assumed, because pafticipation in the study
may have enhanced the response of intervention patients, also. The consistency in the
proportion of behaviour change that is achievable by brief physical-activity interventions,
across studies, suggests that this may be a realistic expected behaviour change with such
interventions.

Most of the leisure-time physical-activity gains in this study were found in moderate-
intensity activity' Recent evidence has suggested that increases in moderate-intensity
physical activity are not adequate for health benefit and that vigorous-intensity activity is
necessary (Yu, Yarnell et al. 2003). However, numerous intervention studies and meta-
analyses have shown significant improvements in cardiovascular risk factors, such as lower
blood pressure' with increases in moderate activity, as well as vigorous activity CHalbert,
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silagy et' al' 1997; whelton, chin et a..2002).The inability of some longitudinal srudies to
show associations between moderate-intensity activity and health outcomes may be due to
the imprecision of measuring moderate and lower intensity activities, or due to other
methodological issues' For example, one study used baseline physical-activity participation
as the independent variable for a follow-up period of ten years of health outcomes, ignoring
potentiar change in activity revers over that time (yu, yarneil et ar. 2003).

The present study did not show a statistically significant impact from the Green prescription
intervention on 4-year coronary heart disease risk, This finding may have been partly due to
the limited sensitivity of the Framingham equation as a surrogate measure of future
cardiovascular events' white exercise is likely to have an effect on blood pressure and lipid
profile' it will have less effect on smoking status and diabetic status in the medium term, and
no effect on age' The benefits of exercise on other physiotogical aspects such as coagulation
profiles and cardiac contractility (chapter 2, section 2.2,1.9) will not be measured by the
Framingham equation' These omissions may limit the ability of the equation to reflect the
full cardiovascular benefit of physical activity. The non-significant reduction in relative risk
of coronary heart disea se (l'7vo) in the intervention group, compared with the control group,
was lower than that predicted in sample size calculations (chapter 3, section 3.3.6). The
estimates that were used to predict an achievable reduction in risk were based on reductions
found from other rifestyle interventions reported in the riterarure.

The methods of one such study were quite different from those of the present study, which
may have accounted for the difference in reductions in coronary risk achieved in each study.
For example' the British Family Heart study found that the overall reduction in coronary risk
score was l2vo in the intervention practices at one year (Anonymous 1994). The greatest
component of this reduction was attributed to a reduction in blood pressure. However, the
comparison control group did not have a baserine blood pressure reading taken. Therefore,
there was a risk of accommodation bias (Friedman, Furberg et al. l9g5), although this was
adjusted for in a subsequent analysis (wonderling, Langham et al. 1996). If the follow_up
blood pressures of the intervention group in the Green prescription trial had been compared
with the first set of readings of blood pressure from the control group, the difference would
have been statisticaily significant (3/2 mmHg) (chaprer 4, sections 4.3.g and 4.3.1l).

In addition' the British intervention included screening for cardiovascular risk and addressed
several lifestyle behaviours (physical activity, diet, alcohol consumption and smoking)
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(Anonymous 1994)' The British intervention also resulted in an increase in antihypertensive
and lipid lowering medication use amongst the intervention group. Therefore, aspects of the
intervention' other than physical activity advice, may have led to the drop in blood pressure,
cholesterol and coronary risk. Lastly, the Dundee coronary risk score, rather than the
Framingham equation, was used in the British study. consequently, the coronruy risk effect
estimate from the Green Prescription study was substantialry lower than that predicted from
the British Family Heart srudy.

5.3.5.2 Stage of Change

There was a trend towards greater physical activity gains amongst .contemplators, 
compared

with 'pre-contemplators" which has been found for other types of behaviour change @unn,Deroo et al' 2001)' Even so, 'pre-contemplators' tended to be older than ,contemplators,,
which may have limited their ability to increase their activity. This finding may suggest thatit was the age and the possible physical limitations of the 'pre-contemplator, group, rather
than their 'attitude' that acted as a barrier to behaviour change.

A relationship between stage of change and actual level of activity has been demonstrated
elsewhere' and there have been indications that changes in activity are in the d.irection
predicted by the transtheoretical theory (Marshall and Biddle 2001). However, it is not clear
whether physical-activity behaviour change occurs in a series of qualitatively different
stages (Marshall and Biddle 2001). one systematic review of the use of motivational
interviewing and stage of change techniques for lifestyle counselling found that there was
evidence that these techniques were better than other techniques for substance abuse
counselling (Dunn' Deroo et al' 2001). However, this was not the case for physical activity
counselling (ibid)' Even so, many physical activity interventions are based on these
techniques (Petrella and Lattanzio 2002).In addition, several physical activity intervention
trials have used stage of change as an outcome (carfas, Long et ar. lgg6; pinto, Lynn et ar.
2001; steptoe' Keny et at' 2001; woods, Mutrie et al. 2002). surveys have also used stageof change as an indicator for participation in exercise (Booth, Macaskill et al. lgg3).
However' these studies have often assumed that stage of change either reflects or predicts
activity adherence' More research into the reliability and validity of these categories is
needed.
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5.3.5.3 Intraclass Conelation Cofficients

Intraclass correlation coefficients (ICCs) were low for baseline health characteristics, such
as cholesterol (r = 0'004) (chapter 4, section 4.3.13). However, ICCs were high for
demographic characteristics such as socio-economic status (r = 0.rz),educational level (r =
0'12), and ethnicity, as measured by classification into Mdori and non-Mdori (r = 0.3g). The
higher ICCs for demographic characteristics are understandable, as general practices are
located in regions that differ in terms of socio-economic characteristics. In addition, seven of
the practices that participated were Mdori health providers that served mostly MEori, while
other practices were mostly attended by non-Maori. Even so, it seems that there was less
variability between practices in clinical and quality of life characteristics than expected but
more variability amongst demographic variables.

For example, baseline ICCs for self-rated general health, (0.000), role emotional (0.007),
mental health and bodily pain (0.000), and physical function (0.009), were all lower than the
ICCs used for the quality of Iife variable in sample size calcularions (0.01) (Chapter 3,
section 3'3'6)' In addition, physical activity variables (0.01-0.02) were lower in this study
than those reported previously in the literature (0.05) and used in the sample size
calculations' However, baseline ICCs for vitality (0.01), systolic blood pressure (0.01g) and
cholesterol (0'004) were very similar to those used in the sample size calculations (0.01,
0'016 and 0'0036, respectively). Therefore, sample size inflation was adequate to detect the
changes that were predicted prior to the study.

The publication and availability of ICCs will facilitate appropriate cluster randomised trial
sample calculations for future studies in primary health care. Reviews of randomised trials
using cluster designs have highlighted the problem of inappropriate sample-size calculations
and analysis in cluster randomised trials, and the lack of information about levels of intra-
class correlation coefficients @onner, Brown et al. 1990; Simpson, Klar et al. 1995).
Publication of intra-class correlation coefficients from cluster randomised trials has been
recommended by others (Donner, Brown et al. 1990; Keny and Bland l99g).

The intraclass correlation coefficients were calculated, primarily, to assess how much
variability there was within practices compared with that between practices. The observed
values may influence the decision to use cluster-randomised controlled trials or individually-
randomised controlled trials in the future. The degree of inflat ion (d.effi needed for a
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clustered design using known ICCs, can be calculated if cluster size (m)is also estimated
(d'eff = I + (m-I ) x ICC)' This inflation factor can be compared with the inflation necessary
to allow for 'dilution' of effect due to contamination of intervention within an individually-
randomised controlled trial design, as discussed in chapter 2, section 2.6.3 (Slymen and
Hovell 1997: Torgerson 2001). This strategy also assumes that it is possible to estimate theIikely degree of contamination of intervention, which is problematic. Even so, the efficiency
of using a cluster- or individually-randomised design can be compared, when deciding on
the design of a trial.

of interest was the fact that the intraclass correlation coefficients of ,change,, in some
variables' such as cholesterol and self-rated 'generar health', were higher by a factor of l0
compared with ICCs of baseline values (e0.04 vs. e0.004). This finding reflects the fact
that people at some practices changed these variables more than at other practices. This
tendency may have been due to the intervention, as there was a trend towards greater drops
in cholesterol and improved 'general health' amongst the intervention group, compared with
the control group' although the drop in cholesterol was small. For variables where there was
not a systematic change in intervention compared with control practices (eg: coronary heart
disease risk' and body mass index), the ICCs of 'change' were actualry higher than baserine
ICCs' Alternatively' these observations may reflect the greater abirity of some practices to
help patients change their cholesterol and 'general health' compared with their ability to
change body mass index and overall coronary heart disease risk over a l2-month period.

5.3.6 Implications of the Findings

This study has demonstrated that prompting the usual general practitioner for brief advice,
coupled with on-going telephone support, can change physical activity behaviour andimprove self-rated general health, vitality, role-physical and bodily pain parameters for at
least a year' Increases in physicat activity and better quality of life have been linked to
improved health outcomes, particularly in the elderly (Spirduso and cronin 2001). If
implemented widely, such a strategy could result in major health benefits for sedentary
people.

This study did not have sufficient statistical power to detect a change in blood pressure ofl'4 mm Hg as statistically significant, because sample size calculations used larger efficacy
estimates from previous reviews of exercise and blood pressure (Halbert, silagy et al. lggT).
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The clinical significance of such a small blood pressure change across a population is also
questionable' However, a reduction of 2 mm Hg diastolic blood pressure amongst an adult
population could lower the prevalence of hypertensionby lTvo,the risk of coronary heart
disease by 6vo, and the risk of strokes and transient ischaemic attacks by l|vo(cook, cohen
et al' 1995)' Blood Pressure changes in this study resemble long-term changes achieved by
other lifestyle interventions such as weight-loss or salt-reduction programmes (Anonymous
reeT).

Ten percent more of the intervention patients than control patients achieved and maintained
at least 2 vz hours of moderate- or vigorous-intensity leisure+ime physic al at lz months, in
the Green Prescription study. A review of 44longitudinal observational studies found that
achieving physical activity Ievels of at least 1000 kcat/week (approximately equal to 2.5
hours/week of moderate to vigorous intensity physical activity) was associated with a 20-
30vo reduction in all-cause mortality (t,"e and Skenett 2001). [n a conservative analysis,
therefore' there is likely to be an average reduction in risk of all-cause mortality of at least 2-
3vo from the Green Prescription intervention. A similar reduction in 4-year coronary heart
disease risk of l'77o was found in this study, although this result did not reach statistical
significance (chapter 4, sections 4.3.8 and 4.3.11). This analysis does not take into account
the intervention patients that increased their physicar activity but did not reach the
recommended 2 vz hours per week. There is some evidence to suggest that levels as low as
500 kcal per week (approximately half the recommended amount) may also have positive
health outcomes (paffenbarger, Hyde et al. l9g6; I_ee and paffenbarger 1996).

Furthermore, the average increase in total energy expenditure amongst the intervention
patients, compared with the control patients, was 975 kcavweek (chapter 4, section 4.3.11).
In addition, it is likely that physical activity increases achieved at lz months will be
maintained' as has been shown in previous research (unpublished data, Ngaire Kerse).
Therefore' in the best possible scenario, an average of a 20-30vo reduction in all-cause
mortality with the Green prescription intervention could be achieved.

A sub-sample of general practitioners estimated that the time spent giving the Green
Prescription intervention to one patient was 7 minutes. A sub-sample of practice nurses
estimated that the time they spent was an average of 13 minutes. This amount of time is
probably too long to expect a general practitioner to spend on a brief intervention because it
makes up nearly half an average consultation time. It is possible that the general
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practitioners over estimated the time spent advising exercise, based on anecdotal comments
from study patients. A study that filmed or audiotaped real consultations may be able to
clarify this. Altematively, if this was the time required, reimbursement for such preventive
measures may be required as an incentive for general practitioners.

Both the control and the intervention groups showed improvements in every ourcome
measure except coronary heart disease risk, which tends to deteriorate with age. It is possible

that a portion of the improvement in self-rated quality of life at follow-up was found because
some of the study participants were unwell at the time of their baseline measures, but not at
follow-up. (All study participants were visiting their general practitioner on the day of
baseline measures. Pre-arranged appointments were made with participants for follow-up
measures') This possibility may also explain why there was an overall improvement in
physical activity. Alternatively, participation in the study may have prompted health
behaviour change, increasing physical activity and improving quality of life. Changes in
attitudes or initiatives in the community or in general practices may also have contributed to
a background increase in physical activity levels. There was also a general improvement in
blood pressure over the l2 months (statistically significant amongst the intervention goup
but not amongst the control goup). This finding may represent, in part, regression to the
mean' Alternatively, the patients may have been feeling better than at baseline, and be more
accustomed to the researcher (accommodation), producing lower blood pressures in general.

It was also interesting to note that several variables, including blood pressure, weight, and
cholesterol serum concentration showed consistent trends towards improvement amongst the
intervention group' compared with the control group. The one inconsistent finding was the
fact that HDL serum concentration tended to decrease when compared with the control
group, where the reverse may have been expected. It is possible that some of the benefit
derived from the intervention was due to dietary choices rather than change in physical
activity, although diet was not explicitly mentioned in the intervention.

There was no significant difference found in the change in likelihood of having an adverse

event such as a fall, injury or hospitalisation, from the beginning to the end of the study,
between the intervention and the control goups. However, when analysed separately, the
intervention patients were less likely to have an injury, or be hospitalised, in the year
following intervention delivery, compared with the year before intervention delivery. The
change in likelihood of injury or hospitalisation did not reach statistical significance for
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control patients. This before-after analysis is not as conservative as analysing incremental

change between the groups, but may indicate another trend towards improved health

outcomes as a result of a physical activity intervention. Other studies have also demonstrated

trends towards fewer injuries and fewer hospitalisations with physical activity interventions

amongst the elderly (Robertson, Devlin et al. 2001; Robertson, Gardner et al. 2001). These

studies were also able to demonstrate significant reductions in risk of falls.

5.3.7 Recommendations for Future Research and Potential Implementation

To evaluate cardiovascular benefits, larger samples capable of detecting smaller blood
pressure changes, and longer follow-up periods are suggested. Alternatively, more intensive

on-going support may improve compliance and physical fitness, which is linked to health

benefit, as has been shown elsewhere (The Writing Group for the Activity Counseling Trial
Research Group 2001).

Although this study was not powered to perform gender sub-analyses, men tended to

increase their activity more than women (Chapter 4, section 4.3.11.5). More research is

needed to clarify the reasons behind gender differences in the success or failure of particular

interventions. In addition, there was some indication that the responses may have differed
between rural and urban areas. Barriers to increasing activity, such as geographical isolation,
need to be investigated in more depth.

Other potential barriers to implementation are the characteristics and skills of the

practitioner giving the advice, and the circumstances and motivation of the patients receiving

the advice' For example, general practitioners are three times more likely to give advice

about physical activity if they are physically active themselves, although time also played a
part in this decision (McKenna, Naylor et al. 1998). Nurses were found to be four times as

likely to prescribe physical activity if they were physically active, themselves (ibid).

A potential barrier to patient participation in physical activity schemes, has been .cost,,

particularly for schemes that refer to leisure centres, as in the United Kingdom. However,

one study found that even when the cost was very low, participation rates did not improve,
even :unongst those who had previously stated that 'cost' was a significant barrier (Tai,

Gould et al. 1999). A more significant barrier was 'not knowing about local exercise
facilities' (ibid)' In schemes that use refenral to exercise centres, some people may be

intimidated by the centre environment or competitiveness, or they may be bored with the
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exercise regimes (Iliffe, Tai et al. 1994). Further barriers include the lack of knowledge

about initiating exercise, the lack of self-discipline or the lack of transport to exercise venues
(ibid). Insufficient time, lack of motivation and responsibilities of child care, have been cited

as cornmon barriers to increasing physical activity amongst younger adults, while poor
health is more of a barrier to older adults (Booth, Bauman et al. lgg7). Other research has

found that older adults participate in physical activity if there is a social component to the

activity, and also if there is a friend or partner who is exercising with them (Chalip, Thomas
et al. 1996). The motivational state of the patient, the ability of the advisor to take this factor
into account, and the ability to tailor the advice to the person's lifestyle and circumstances,

may also be important (Chalip, Thomas et al. 1996). Therefore, more research is needed into
strategies to overcome these barriers, and into the implementation and maintenance of
interventions such as the Green Prescription programme in primary health care.

The Green Prescription intervention has been shown to be sustainable and has been used by
65Vo of general practitioners in New Zealand, according to a survey conducted amongst 427
general practitioners in 2002 (Figures supplied by Sport and Recreation, New 7*aland).
However, rates of use per practitioner continue to be low. Of those prescribing Green

Prescriptions, an average of 4.1 Green Scripts were written per month. The use of patient
prompting and systematic screening in this study was able to increase the rate of recruitment

of 'less-active' patients to this intervention. At least eight Green Prescription referrals, per

week per general practitioner, were achieved. However, the practicality of routine screening
on an on-going basis needs to be investigated. In addition, the rate of eight Green

Prescriptions per week would not be sustainable for general practitioners who have many

other demands on their time. A compromise could be attained, particularly if screening

systems are put in place and practitioners' time initiating the intervention is kept to a

minimum. In addition, assessment of the time required and compensation for such

preventative action may help sustain effective lifestyle interventions, such as the Green

Prescription in primary health care.
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5'4 Discussion of the cost-Effectiveness studv

5.4.1 Main Findings

This study represents one of the most comprehensive cost-effectiveness analyses of a
physical-activity promotion programme in primary health care, to date. Incremental costs
and cost-effectiveness ratios for physical activity outcomes, from a funder,s perspective and
a societal perspective, have been presented.

The cost of delivering the Green prescription was $170.45 per participant if only the costs of
the programme were considered (funder's perspective). If offset costs of changes in health
care utilisation, productivity and expenses associated with exercising, were taken into
account the cost of the Green Prescription intervention was $37.16 (g|vo cI: -$g45.2r,
$ I 0 I 9. 53) per participant (societal perspecti ve).

A sensitivity analysis was carried out that allocated programme .set-up, 
costs to those Green

Prescription recipients who were referred to exercise specialist telephone follow-up, only,
excluding Green Prescription recipients who were not referred. This analysis estimated that
the programme costs were $304.97 and $17l.6g (g5vo cl: _$g10.69, $1154.05) per
participant, from a funder's perspective and a societal perspective, respectively.

The monthly cosreffectiveness ratio for increasing leisure-time moderate- or vigorous-
intensity physical activity by one hour per week was $25.36 from a programme funder,s
perspective and $5'47 (95vo cr: -$138.90, $149.84) from a societal perspective. Although
95vo confidence intervals for estimated offset costs were large, the trend indicates that there
is a potential for substantial offset savings in changes to health care utilisation, particularly
secondary care, and to a lesser extent, primary care. such large offset savings, particularly
from reduced hospitalisation costs, have also been found in studies of other physical activity
interventions amongst older people in primary care (Robertson, Devlin et al. 2001). The
cost-effectiveness ratios are also likely to improve over time if participants maintained their
increased level of physical activity, as the major expense of the intervention was in the
delivery.

The large 95vo confidence intervals around the offset costs indicate that there is a great deal
of uncertainty surrounding these estimates. It is quite likely that there is no real difference in
these offset costs between the intervention and control groups and that the intervention had
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no effect on these cost variables in the short-term. If that were the case, then an inclusion of
only the programme costs would be appropriate. Excluding offset costs that do not show a
statistically significant difference between the intervention and control groups, in the final
analysis, has been carried out elsewhere (Robertson, Devlin et al. 2001; Robertson, Gardner
et al' 2001)' However, to do so, may risk a type-2 error, which would occur if the sample
size was inadequate to show a difference as statistically significant. If this were the case,
then larger sample sizes or ronger foilow-up periods wourd be required.

Alternatively, the large 95vo confidence intervals may reflect the fact that the regression
model involving offset costs was not stable. This was because most individuals had very
little change in overall offset costs before and after the intervention, while a few individuals
either had very large increases or very large decreases in offset costs, which unduly
influenced results (chapter 4, section 4.4.3). use of the median or categorical logistic
regression analysis may have been more appropriate for such a distribution. However, to
attain a point estimate of the difference of change in cost per patient and to allow for
clustering, a generalised least squares random effects regression model was used with
continuous data.

A sensitivity analysis of the costs of the programme from a societal perspective (including
offset costs), which excluded nine outliers, changed the point estimate of the incremental
cost of the intervention from $37.16 per patient to $272.25 per patient (chapter 4, section
4'4'3'5)' The large change in point estimate may again, reflect the instability of the
regression model due to the distribution of offset costs. of course, it may be inappropriate to
exclude these outliers. The outlying costs that were excluded were actual cost changes,
mainly from hospitalisation and productivity costs, of individuals in the study. Therefore,
their exclusion is difficult to justify, and the results from such a sensitivity analysis may be
of limited value' The results of the analysis do suggest, however, that most of the offset
savings in the intervention group, compared with the control group, came from a few
individuals' These individuals incurred costs and savings many times greater than the
majority of the study participants.

Estimates of costs from a programme funder's perspective (without offset costs) were more
precise' This precision was largely because the total cost of programme delivery divided
among the total number of intervention patients did not involve the same degree of
uncertainty as calculating incremental changes over time in offset costs for each participant.
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5.4.2 Strengths and Limitations of the Study

This cost-effectiveness study was conducted prospectively, alongside a randomised

controlled trial, which is a strength of the study. The costing data collected are very

comprehensive, follow-up rates were high, and in almost all cases, actual costs, rather than

estimated costs, were used. Accordingly, few assumptions had to be made. This is in
contrast to many of the previous cosreffectiveness studies conducted of lifestyle

interventions, which estimated costs retrospectively (Langham, Thorogood et al. 1996;

Sevick, Dunn et al. 2000).

This study has fulfilled the criteria set out by Drummond and colleagues as important for

cost-effectiveness studies as described in Chapter 2, section 2.5.2.4 @rummond and

Jefferson 1996; Drummond, O'Brien et al. 1997). For example, a clear research question was

stated and the perspective of the analysis was explicit. Only primary outcomes that had been

found to be statistically significant in the effectiveness trial were included in the calculation

of cost effectiveness ratios. This is in contrast to previous studies that have erroneously used

non-significant changes to calculate cost-effectiveness ratios (Sevick, Dunn et al. 2000). The

choice of the two comparative programmes was appropriate and explained. Furthermore, the

sources of economic information were stated, and quantities, as well as unit costs, were

reported. Appropriate discount rates and adjustment for inflation were carried out and

currencies were converted to equivalent values. Productivity changes were included in the

analysis, incremental costs were used, and a sensitivity analysis was undertaken. The

conclusions made about the cost-effectiveness of the Green Prescription intervention were

justifi ed and conservative.

This study has a number of limitations, however. Primary care utilisation costing data were

not available from five of the 42 general practices. Secondary care costs were not available

for the L71299 patients who used public hospital services and for the 38 parienrs who used

private hospital services. These omissions may have biased the results. However, a

conservative intention-to-treat analysis was conducted, where no change in rate of health

care utilisation was assumed where data were missing. In addition, data were missing from

intervention and control groups in similar proportions (Chapter 4, section 4.4.3.2).

Therefore, the missing data are unlikely to have led to exaggerated differences between

intervention and control results.
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In the absence of a health price index, the consumer price index (CpI) was used to adjust for
inflation for costs from previous years. However, the general inflation rate may differ from
the inflation rate experienced in the health sector. The set-up costs of the programme from
1996 until 2001 were discounted using 57o, which is a commonly accepted discount rate
@rummond, O'Brien et al. lggT).

The cost of loss of productivity was calculated based on the average daily income for New
Tnaland' However, as incomes tend to increase with age, the incomes of study participants
who were employed, may have been higher than the average New Zealand income. Even so,
a daily income rate adjusted for age is unlikely to have altered the final resulr. This was
because there was virtually no difference between the intervention and control groups in
change in loss of productiviry over the two years ($l .21 (95vo cI: _$522.0 6 to $524.49), p =
0.9e).

The costs of medications were not included in the analysis. However, there is evidence from
the trial that alterations in medications, such as antihypertensive medication, did not differ
significantly between the groups. If anything, there was a trend towards more medication use
in the control group. Therefore, this cost-effectiveness analysis is likely to be conseryative,
if any bias exists from not including costs of medications.

Physical activity rather than health outcomes are used in this cost-effectiveness analysis. It is
also difficult to assign quality-adjusted life-years or a monetary value to increases in
physical activity for a cost-utility or a cost-benefit analysis. However, the cost-effectiveness
analysis carried out in this study, does allow a comparison with other physical activity
interventions that have calculated cost effectiveness ratios for physical activity outcomes.

A theoretical cost-utility analysis could be carried out, as was the case in a study carried out
in 1988 (Hatziandreu, Koplan et al. 1988). This 1988 study was a theoretical analysis of
1000 'active' versus 1000 'inactive' 35 year-old men followed over 30 years. The authors
concluded that there would be 78.1 fewer coronary heart disease events and l,l3g euality
Adjusted Life Years (QALYs) gained in the 'active' group compared with the .inactive,

group (Hatziandreu, Koplan et al. 1988). They also predicted the cosr per eALy to be
$11,313' However, this analysis defined 'active' as achieving 2,000 kcaVweek of relatively
vigorous leisure activity, whereas the definition of 'active' used in the current study was
approximately 1,000 kcauweek of mostly moderate leisure activity. The relative risk
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assumed by the Hatziandreu study for 'inactive' versus .active'

heart disease events. As discussed in chapter 2, the relative risk

this.

men was 2.0 for coronary

is likely to be lower than

Alternatively, the change in quality of life scores attained in this study could have been

converted into the preference-based measure of health from the SF-36 quality of life scores.

This could be calculated, using the SF-6D scoring system, which takes some of the

components from seven of the eight dimensions of the SF-36 results, to produce a

preference-based measure (Brazier, Roberts et al.2O0Z). This measure would allow a cost_

utility analysis and calculation of cost per quality adjusred life year (eA1-ys) gained,

although it would ignore the potential cardiovascular and other health benefits that may

accrue from the intervention.

In addition, there are some limitations to the use of the SF-6D measure. This measure does

not include the 'general health' score in the calculation, which was the dimension with the

most significant gain in the Green Prescription study of this thesis. Furthermore, the measure

was derived from preference scores provided by 611 members of the United Kingdom
public, using the standard gamble technique. Therefore, the measure may not be valid for a

New Zealand population. Lastly, there are some inconsistent estimates and over prediction

of the value of the poorest health states, according to the authors (Brazier, Roberts et al.

2002).

5.4.3 How the Findings relate to Previous Research

The Green Prescription was more cost-effective than the primary care-based 'prescription

for Exercise' scheme in the United Kingdom that used a visiting exercise specialist to
deliver the advice, in moving 'less-active' adults into the 'active' category. The cost of
moving one 'less-active' adult to an 'active' state (achieving at least 2 /z hours of moderate-

or vigorous-leisure-time physical activity per week), over a one-year period using the Green

Prescription was $1,756 in programme costs. The programme cost of moving one person to

the recommended level of activity in the UK programme was NZ$8,663 (UKf2,500)4
(Stevens, Hillsdon et al. 1998). The large cost difference suggests that initiation of the

exercise prescription by the usual practitioner, with screening and patient prompting, is more

cost effective than initiation of tiie exercise prescription by a visiting exercise specialist.

a The exchange rate used was uKc 0.2886 = NZ 1.00 from December 2001 (Ibid).
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This conclusion should be qualified, because the programmes were conducted in different
countries where the costs of programme components may have differed, either diminishing
or accentuating the real difference in cost-effectiveness.

The Green Prescription intervention was also more cost-effective than the project Active
interventions. In Project Active, the monthly programme-cost of increasing moderate- or
vigorous-intensity physical activity was NZ$358.43 tkcaVkglday with the ,Structured,

(facility-based) programme, and NZ$43.3l/kcaUkg/day with the 'Lifestyle' (home-based)
programme (Sevick, Dunn et al. 2000). The monthly programme-cost of increasing
moderate- or vigorous-intensity leisure-time physical activity was NZ$37.3lkcallkdday
with the Green Prescription programme.

There were some differences in the methods used in the project Active and Green
Prescription studies. The follow-up times differed (24 months compared with 12 months)
(Sevick, Dunn et al. 2000). The monthly cost effectiveness ratios of the project Active
programmes at six-months were not compared with those of the Green prescription, because
the six-month Project Active costs were even greater. In addition, the project Active
prograrnmes were conducted amongst 35 to 60 year-old people in the United States, while
the Green Prescription study involved 40 to 79 year old people. Apart from the slight
difference in age, there were also some differences in the categories of moderate and
vigorous activity used in the Project Active study and the Green prescription study. The cost
of increasing leisure-time moderate- and vigorous-intensity energy expenditure using the
Green Prescription was compared with the cost of increasing all moderate-intensity energy
expenditure using Project Active interventions. However, this comparison is likely to
underestimate rather then overestimate the cost-effectiveness of the Green prescription

intervention compared with the Project Active programmes. Again, different countries may
have different costs for the same prograrrrme components. As such, comparisons must be
made with caution.

Even so, this comparison suggests that brief physical activity counselling by usual clinicians
and an exercise prescription, with telephone follow-up from exercise specialists, appears
more cost-effective than face-to-face group counselling about exercise or facility-based
supervised exercise sessions. The main costs in the Project Active interventions were for
intervention personnel, which were lower, due to the shorter face+o-face contact time with
participants and cheaper telephone contact, in the Green prescription intervention.
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continuing this telephone support for ronger than three months

compliance and improve the effect of the intervention at minimal

follow-up telephone support does not always increase the long-term

compared with a brief intervention @ubbert, cooper et al. zo02).

may help to increase

cost. However, longer

physical activity gains

The risk of falling, sustaining serious injury and hospitalisations have been reduced by other

physical activity interventions delivered in the community to older people (>80 years of age)

(Robertson, Devlin et al. 2001). Robertson's cost effectiveness of this community

intervention delivered to older people included the cost of falls or hospitalisations averted.

The Green Prescription physical activity intervention did not significantly reduce the rate of
falling, injuries or hospitalisations, although this was not a primary outcome measure of the

trial' The positive outcome of reduced falls, found in the Robertson study, may have been

due to the nature of the intervention, which included muscle strengthening and balance

exercises. The positive outcome may also have been because of the older age group of the

subjects in the study. Falls are less frequent amongst middle age compared with elderly

people, so the incidence of falls in the 12 months before and after the intervention may not

have been high enough to show a difference, in the Green Prescription trial. Even so, there

was a trend in the Green Prescription study towards fewer injuries and hospitalisations in the

intervention group.

The British Family Heart Study involved practice nurse screening for cardiovascular risk

and a multi-component lifestyle intervention (plus an increase in medication in the

intervention group) (Anonymous 1994). Costs of the prograrnme were estimated in a similar
manner to those of the Green Prescription cost-effectiveness analysis (Wonderling,

McDermott et al' 1996). In the British study, primary health care utilisation and medication

offset costs were also estimated for the practice as a whole, then mean offset cost per subject

estimated, rather than actual costs per individual obtained. It was only when overall

difference in mean costs was calculated by pooling together the differences across the 13

participating practices, using a random effects meta-analysis, did the estimates produce 95Zo

confidence intervals. Although none of the offset costs were statistically significant , the 95Vo

confidence intervals were a lot smaller than in the Green Prescription study. These smaller

confidence intervals may have been because costs from the British study were based on

mean values from practices, rather than actual values for individual patients, as in the

present study. It is quite likely that the actual offset costs of the individuals in the British
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study were as variable as those found in the Green Prescription study. The use of actual

individual offset costs in the Green Prescription study, and the inclusion of change in
secondary health care utilisation and changes in productivity, Iimited the precision of the

estimates in the current study. However, this level of uncertainty is probably closer to
reality, than that presented in the British study.

The British Family Heart study included incremental offset costs that were not statistically

significant, when calculating the cost of the programme and cost effectiveness ratios, as was

done in the Green Prescription study. The cost of the British prograrnme per patient

(including offset costs) was substantially higher than that of the Green prescription

programme. These costs were f51.63 (95Vo Cl: t12.37, f90.90) or NZ$IZ9.16 (95Vo CI:
$42.92, $315.42) for the British programme compared with $37.16 (95Vo CI: -g945.21,

$1019.53) for the Green Prescription programme (Wonderling, McDermott et al. 1996).

However, the effect estimate of coronary risk reduction was statistically significant in the

British study. Therefore, the cost effectiveness ratios were calculated per lVo reduction in

coronary risk, and could not be compared with the cost-effectiveness ratios from the Green

Prescription study, which were calculated per increase in physical activity. As with the

present study, the authors of the British cost-effectiveness study state that a much larger

sample would be needed to estimate the cost-effectiveness, reliably.

5.4.4 Implications and Recommendations for Future Research

Chapter 4, section 4.3.11describes how ten percent more intervention patients than control
patients, increased and maintained their leisure-time moderate- or vigorous-intensity activity
to the recommended levels after 12 months. The fact that the intervention has the potential to
reduce a sedentary population by ten percent has potential economic implications.

A study in 1987 of the cost of inactivity in New 7naland,, predicted that if the number of
'active'individuals in New Tealandcould be increasedby l}Vo, then $24.75 million could
be saved in direct and indirect costs (health care and offset costs) associated with ischaemic

heart disease and hypertension (Russell, Worsley et al. 1987). This figure has since been

updated to $55 million (Hillary Commission 1998). Potential savings to the New Zealand

economy from reduced morbidity and mortality associated with cardiovascular disease,

diabetes, colon cancer, obesity and osteoporosis, were estimated to be $48 million, if the

3l%o of the population that were sedentary, was reduced to ZIVo (Jensen, Sullivan et al.
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1993). Another report predicted that $24.28 million could be saved in the direct and indirect

(including productivity) costs of cardiovascular disease, colon cancer and fractured neck of

femur, if there was a SVo increase in levels of physical activity (Russell, Berkeley et al.

1993).

The cost of cardiovascular disease due to physical inactivity is now likely to be substantially

higher than $55 miltion. The high levels of physical inactivity in New Zealand continue to

account for a significant proportion of cardiovascular morbidity and mortality, as discussed

in Chapter 2, section 2.2.The most recent survey of physical activity levels in New 7*aland,

predicts that 878,000 adults over 18 years of age in New Zealand are not achieving 2 t/z

hours of leisure-time activity per week (Sport and Recreation New Zealand 2003). The

Green Prescription intervention has been estimated by the study in this thesis to cost $37.16

per person in programme and offset costs. Therefore, if all less-active adults were to receive

a Green Prescription, the total cost would be $32.6 million to save at least $55 million per

year in costs associated with cardiovascular disease. It is likely that the annual cost of the

intervention would be a lot lower than $32.6 million because the individuals would not need

the Green Prescription intervention delivered to them every year. In addition, set-up costs

would decrease proportionately each year. It has been demonstrated in other studies, that the

costs of physical activity interventions decrease in subsequent years, so they become more

cost-effective over time (Sevick, Dunn et al. 2000).

Much of the potential long-term savings from increased physical activity would be due to

increased productivity and reduced health-care utilisation from avoided cardiovascular

morbidity and mortality (Russell, Worsley et al. 1987; Russell, Berkeley et al. 1993).

Therefore, perhaps changes in productivity and health care utilisation should not be included

as offset costs in calculating the cost of the Green Prescription intervention. It may be more

appropriate to use the direct costs of delivering the intervention without offset costs, when

comparing cost of intervention with potential savings from improved health outcomes. In the

most conservative analysis, it could be assumed that the effect of the intervention lasted only

one year, and that the cost of the prograrnme was equivalent to the cost of programme

delivery, alone, without offset costs. In this scenario, the annual cost of delivering the

intervention to all sedentary people would be $150 million, which would not be cost-saving,

in terms of reduced cardiovascular morbidity and mortality. It would be interesting to value

the 'cost per life-year gained' using different scenarios.
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However, the offset costs included in the present study are 'short-term' savings, which are

unlikely, at this stage, to be due to reduced cardiovascular events. These savings are more

likely to be due to other shorter-term benefits of increased physical activity, and may be

appropriately included in the analysis.

The cost and effectiveness data from the Oxcheck and British Family Heart studies were

modelled to produce a range of estimates for 'cost per life-year gained' (Wonderling,

Langham et al. 1996). The estimates were calculated and discounted, assuming the effect of

the intervention lasted from one to 20 years. If the effect of the intervention lasted for 20

years, the cost per life-year gained was 37o to 4Vo of the estimated cost if the effect of the

intervention lasted for only one year. It could be conjectured, therefore, that if the effect of

the Green Prescription intervention lasted for 20 years instead of one year, then the annual

cost of delivering the intervention to all adults would be lower than $32.6 million. In this

circumstance, the annual cost of the intervention would be closer to $1'3 million if offset

costs were included in the analysis, or $6 million if offset costs were not included. In these

scenarios, the Green Prescription intervention would be even more 'cost-saving', if $55

million could be saved annually from reduced cardiovascular disease.

Modelling of these figures in two cost-utility analyses is underway, although such an

analysis goes beyond the scope of this thesis. Even so, there are indications from this study

that the Green Prescription intervention may be 'cost-saving'. The gains from the

intervention seem small, but the cost of the intervention is low and the potential health gains

from increases in physical activity across a population, are great.

Furthermore, the discussion above does not take into account the potential savings from the

demonstrated improvements in health-related quality of life with the Green Prescription

intervention. Nor does the discussion consider the potential savings from health benefits,

other than cardiovascular benefits, that may have occurred from the increased physical

activity @ussell, Berkeley et al. 1993). Therefore, the savings may be even greater if these

quality of life benefits, and other health benefits, were considered.

There is ample evidence that physical activity improves health outcomes. However, physical

activity interventions for primary prevention of disease usually have poor adherence rates of

around 8-I2Vo at 6-12 months (Sevick, Dunn 2000; Petrella 2002; Elley, Kerse 2003c; Bull

1998) These rates are similar to other lifestyle interventions such as smoking cessation
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dietary or alcohol interventions (Ashenden, Silagy 1997). A systematic review by Ebrahim

and Davey-Smith in the BMJ in 1997 and a Cochrane review by the same authors in 1999,

found that although there were reductions in cardiovascular parameters, such as blood

pressure, there were no reductions in monality (although follow-up may have been too

short). Ebrahim et al. also noted that most trials had multiple interventions including dietary,

exercise and pharmaceutical and that much of the benefit was from pharmaceutical

intervention (eg.Finnish Businessman's study, Oxcheck, MRFTT, Family Heart Study) and

many had design faults and may have overestimated benefit. The authors concluded that

primary care lifestyle interventions should not be encouraged, but rather the resources

should be put inot legislative changes to salt/fat content of foods and areas to smoke, taxes

on smoking, and facilities to allow exercise.

However, although the gains from physical activity interventions are small and adherence is

low, the costs are also small. The cost-effectiveness of the Green Prescription intervention

has been demonstrated to be good, with recent cost-utility analyses demonstrating $10,959

/eALy taking into account the immediate small quality of life gains and predicted reduced

mortality from cardiovascular disease, diabetes and cancer (bowel and breast) and assuming

that the lgqo incremental adherence only lasts the year and declines each year until all

become sedenrary by four years (Dalziel unpublished data). Another cost utility modelling of

the cost effectiveness data in this thesis estimates the cost per DALY tobe $2'727 for males,

and $4,229 for females (O'Dea, unpublished data). These compare favourably with the

approximate threshold of $20,000/QALY that New Zealand is sometimes quoted as using to

fund pharmaceutical interventions. It also compares reasonably well with the estimated cost-

utility of screening and treating with statins of $5,043/QALY for people with over ll%o 5-

year cardiovascular risk (Milne 2003). Even if 75Vo of those that had increased their activity

with the Green prescription intervention reverted to a sedentary status by the end of a further

12 months, O'Dea found that this would still produce a ratio of $20,000-$25,000/DALY for

women (lower ratios for men). while Pharmac spend $61 miltion subsidising cardiovascular

medications annually, mostly for primary prevention in primary care, only $825'000 is spent

by pharmac and SpARC on the Green Prescription physical activity promotion programme

nation-wide (SpARC and Pharmac, personal communication, 2003). Although multiple

criteria are used to inform funding of interventions, it may make economic sense to

reconsider this imbalance (Metcalfe, 2003).
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Longer-term follow-up within a trial would clarify whether increases in physical activity are

maintained permanently. At least two-year follow-up may also demonstrate more definitive

health outcome change. Previous reviews of intervention trials have found that it takes 24

years for cardiovascular outcomes (e.g.hospitalisation/ mortality) to be affected by blood

pressure and lipid-lowering pharmaceutical interventions (Stephenson 1999; Ebrahim,

Davey-Smith 1999).

In conclusion, the Green Prescription is an effective and inexpensive way of increasing

physical activity and improving health-related quality of life, amongst 40-79 year-old adults

in primary health care. In addition, the Green Prescription is likely to improve health

outcomes and may be 'cost-saving'. This study represented a cost-effectiveness analysis,

using cost per physical activity unit gained as its primary outcome, to allow comparison with

previous cost-effectiveness studies of community-based physical activity interventions.

However, modelling of the potential savings from health outcomes related to the increased

proportion of active adults in New 7*aland, and a cost-utility analysis taking into account

the quality of life gains, are needed are are being undertaken at present. Such research would

allow a comparison of cost-effectiveness of the Green Prescription intervention with other

lifestyle and pharmacological interventions (Wonderling, Langham et al. 1996).

Even so, this study represents the first step in assessing the efficiency of an intervention

designed to address the risk factor of physical-inactivity, which has been identified as a

significant cause of morbidity and mortality in New 7*aland, (Russell, Worsley et al. 1987;

Russell, Berkeley et al. 1993; Ministry of Health 1999).
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6 Conclusion

Physical inactivity has been associated with an increase in risk of cardiovascular disease,

diabetes, osteoporosis, several cancers, and depression, amongst other conditions. Increasing

physical activity can improve health outcomes and has been associated with better health-

related quality of life. Achieving 2 /z hours of moderate- or vigorous-intensity leisure-time

physical activity per week has been found to be adequate to produce significant health gains

(Centers for Disease Control and Prevention 1996). Between 32Vo and 42Vo of all adults in

New Zealand are not achieving this amount (Ministry of Health 1998; Sport and Recreation

New Zealand 2003). Furthermorc,247o of cardiovascular mortality in New Tnaland has been

attributed ro physical inactivity. Therefore, physical inactivity has been identified as a

significant risk factor by the Ministry of Health (Ministry of Health 1999).

Consequently, the Hillary Commission (now called Sport and Recreation New Zealand) in

conjunction with New Znaland primary health care, developed the Green Prescription

intervention to assist clinicians encourage less-active adults to become more active for the

benefit of their health. This intervention involved brief physical activity counselling using

motivational interviewing techniques, and written advice, given by the usual general

practitioner or practice nurse. Follow-up telephone support was offered from exercise

specialists for a further three months.

The Green Prescription intervention has been implemented into primary health care

throughout New Zealand. ln addition, most health professionals have been offered training

in motivational interviewing and these techniques are now taught in all New Zealand

medical schools. Furthermore, the new 'Primary Healthcare Organisation' (PHO) structures

in New T;-aland, have set aside funding for health promotion initiatives and are in a good

position to attain systematic coverage, lifestyle risk factor screening, and patient prompting

of interventions such as the Green Prescription. Therefore, there is evidence that the

intervention can be incorporated into routine practice and could achieve a systematic

coverage of those at risk.

Although physical activity interventions for use in primary health care have been developed

in many countries, few rigorous evaluations have been carried out. This thesis systematically
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reviewed the evidence for the effectiveness and cost-effectiveness of such interventions
(Chapter 2, sections 2.4 and 2.5). The reviews showed that there was insufficient evidence of
effectiveness or cost-effectiveness of such interventions to recommend physical activity
interventions in primary care, which was also the finding of other organisations (U. S.

Preventive Services Task Force 2002). However, further rigorously conducted trials have

been recommended to clarify whether these interventions may be effective and cost-effective
(Simons-Morton, Calfas et al. 1998; Eden, Orleans et al. 2002). In response to this
recommendation, the main study of the thesis was designed to assess the effectiveness and

cost-effectiveness of the Green Prescription intervention, using a cluster randomised
controlled trial design.

Conducting randomised controlled trials of physical activity interventions in a primary
health care setting, is a challenge. It is difficult to blind participants or assessors in such

trials, and there is a risk of contamination of intervention. These factors may well bias the

results of an evaluation. Techniques to reduce this bias were used in the present study, such

as the use of objective measures, self-administered questionnaires, and a cluster-randomised

design. Sample size issues were properly investigated, and taken account of, and appropriate
intention-to-treat analyses were employed. In addition, the implications of using a cluster-
randomised, rather than an individually-randomised trial design, were considered. These
techniques were used to ensure the internal and external validity of the results and the most
efficient and accurate assessment of effectiveness.

The validity of findings from this research could be further threatened by the imprecision of
measurement of physical activity. While physical activity questionnaires are the most
practical instruments for use in large epidemiological studies, results rue open to recall bias.

Therefore, it is important to validate the results, or the questionnaires, against other
measures such as activity diaries or motion sensors. It is also important to ensure that the

instruments used are valid for the relevant population in the appropriate setting.

A systematic review of reliability and validity studies of physical activity questionnaires did
not reveal an existing physical activity questionnaire that had been validated in a primary
care setting amongst less-active adults (Chapter 2, section 2.3). Therefore, two physical

activity questionnaires were adapted by the present author, for use amongst less-active adults
in pimary care. The reliability and validity of the questionnaires were assessed within a

general practice setting against 7-day diaries and pedometer readings. The reliability and
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validity of the Auckland Heart Study (AHS) physical-activity questionnaire were found to
be adequate, when compared with levels accepted in the literature. Therefore, the AHS
questionnaire was used to assess levels of physical activity in the evaluation of the Green

Prescription intervention.

The cluster randomised controlled trial of the Green Prescription intervention was conducted
amongst 878 'less-active' 40-79 year-old patients from 42 rural and urban general practices
in the Waikato. Patients in the intervention practices received the Green prescription within
usual consultations, while patients in control practices received 'usual care'. This study
found that the intervention was successful in increasing physicat activity amongst less active
adults in primary health care ovet a l2-month period. The intervention also produced

improved health-related quality of life measures, including SF-36 measures of .general

health', "role physical', 'bodily pain' and 'vitality'. There were trends towards improved
blood pressure, by 1.3mm Hg systolic and l.4mm Hg diastolic, in the intervention group

compared with the control group. The difference in 4-year coronary heart disease risk was

not significant, although a non-significant relative risk reduction of I.jVo was observed.

There was no increase in reported falls, injuries or hospitalisations from the intervention. In
fact, there was a trend towards reduced hospitalisations in the intervention group.

These findings add to the literature, which has been unable to demonstrate a convincing
positive effect of clinician-based physical activity interventions in primary health care. This
study also provides evidence that should prompt reconsideration of current
recommendations asserting that there is inadequate evidence to support counselling for
physical activity in primary care (U. S. Preventive Services Task Force 2002). To the

author's knowledge, the present study is the first primary-care based trial of a physical
activity intervention, to demonstrate long-term health-related quality of life benefit in
addition to physical activity gains. It is also one of the few to examine adverse events
(Robertson, Gardner et al. 2001; The Writing Group for the Activity Counseling Trial
Research Group 2001)' This study also included a cost-effectiveness analysis, which has

been recommended by several previous systematic reviews (Simons-Morton, Calfas et al.

1998; Eden, orleans et aL.2002; petrella and Lattanzio 2002).

The average increase in leisure physical activity was 250 kcal/week, while the average
increase in total energy expenditure amongst the intervention patients compared with the

control patients, was 975 kcaUweek. Achieving i000 kcaVweek in moderate- or vigorous-
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intensity physical activity per week compared with a sedentary lifestyle, has been associated

with a 20-30V0 reduction in all-cause mortality ([.ee and Skerrett 2001), Consequently, it is

reasonable to infer that this intervention has the potential to produce significant health gains.

For every ten Green Prescriptions written, one person can be expected to attain and maintain

2 Vz hours of leisure-time moderate- or vigorous-intensity physical activity per week as a

result of the intervention. In other words, l|Vo more intervention patients than control

patients achieved and maintained this level of activity after one year. An increase of I07o in

the physically active population would save at least $55 million per year in costs associated

with cardiovascular disease. This figure was estimated in the 1990's, derived from estimates

from a 1987 report (Russell, Worsley et al. 1987; Hillary Commission 1998). These savings

are greater than the estimated total cost of delivering the Green Prescription to all 878,000

less-active adults in New 7*aland ($32.6 million). Therefore, the Green Prescription

intervention could be cost-saving, even without considering the other health and quality of

life benefits from the intervention. If the effect of the intervention lasted more than one year

then the cost savings would be even greater. Modelling of the potential cost-benefit and cost-

utility of the Green Prescription is needed.

The programme under investigation was acceptable to clinicians and patients. Two thirds of

less active adults routinely visiting their general practitioner were willing to receive a

lifestyle intervention from their general practitioner or practice nurse. Other studies have

shown that the most preferred source of physical activity advice, for older adults

particularly, is the general practitioner (Booth, Bauman et al. 1997). The Activity

Counselling Trial examined the acceptance of brief physical activity counselling in routine

practice and the rates that the 54 physicans in the trial gave the advice to study patients (The

Writing Group for the Activity Counseling Trial Research Group, 2001). Ninety-one precent

gave the advice, over 60Vo said it did not add to the length of the consultation and over 80Vo

said it enhanced the consultation. Most clinicians delivered the advice in 3-4 minutes.

Likewise, there is wide acceptance of the Green Prescription intervention amongst general

practitioners in New Zealand. A postal survey of 423 general practitioners throughout New

Tx,aland in 2002 indicated that 65Vo of New 7*aland general practitioners had given Green

Prescriptions to their patients. The average number of Green Prescriptions given per month

was 4.1 (Statistics provided by Sport and Recreation, New Tnaland). However, the number

of adults eligible and willing to receive such an intervention was found to be 8-10 people per
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week per general practitioner in the Green Prescription trial presented in this thesis.

Therefore, while the intervention is feasible and acceptable, widespread dissemination of the

intervention would have to be carefully planned and well resourced to ensure that all those

eligible are offered the intervention.

The Green Prescription intervention has the potential to be implemented in a systematic

way. This policy could be achieved by the new Population Health Organisation (PHO)

structures, which have funding formulae that could prioritise the management of population

health and allow for the delivery of effective prevention programmes. In addition, the

present study has shown that such an intervention can be delivered in a systematic way,

within a general practice setting. This outcome was achieved using screening of patients at

the reception area and patient prompting of doctors and practice nurses to deliver the

intervention, rather than relying on clinician-initiation of the intervention. It is likely that the

intervention will need to be delivered in the same way as in the present trial to achieve the

potential population health gains. It is not reasonable to expect the current Green

Prescription use (in the drawer, waiting to be thought of by the general practitioner) to have

similar success to this trial. Systematic screening and patient prompting is likely to increase

the 'reach' and effectiveness of the intervention.

Furthermore, if the adherence to the advice could be increased, the cost-effectiveness of the

Green Prescription intervention would be further improved. However, changing behaviour is

difficult, with both external and internal patient barriers inhibiting change (Booth, Bauman

et al. 1997; Ziebland, Thorogood et al. 1998). Future research into overcoming these

barriers and into the matrix of the patienrdoctor interaction is needed, to improve the

effectiveness and cost-effectiveness of such interventions.

244



References

Ainsworth, B. E., B. Sternfeld, M. T. Richardson
kaiser physical activity survey in women.
321327_38.

Ainsworth, B., J. Jacobs DR and Leon AS (1993). "Validity and reliability of self-reported
physical activity status: the Lipid Research Clinics questionnai re.i Medicine &
Science in Spor-ts & Exercise 25 g2_9.

Ainsworth, B., Iron AS, Richardson MT, Jacobs DR and J. paffenbarger RS (1993).
"Accuracy of the College Alumnus Physical Activity euestioniai re.', Journal of
Clinical Epidemiology 46 t403_It.

Ainsworth, 8., H. Montoye and A. Lron (1994). Methods of assessing physical activity
during leisure and work. Physical activity, fitness, and health:-International
proceedings and consensus statement. C. Bouchard, R. Shephard and T. Stephens.
Champaign, Human Kinetics: 146_159.

Ainsworth, B. 8., D. R. Bassett, Jr., S. J. Strath, A. M. Swartz, w. L. o,Brien, R. w.
Thompson, D. A- Jones, c. A. Macera and c. D. Kimsey (2000). ',comparison of
three metho$ for measuring the time spent in physical u.iiuity.i' Medriine & science
in Sports & Exercise jZ 3457_64

Ainsworth, B- E., w. L. Haskell, A. S. kon, D. R. Jacobs, Jr., H. J. Montoye, J. F. sallis
and R' S' Paffenbarger, Jr. (1993). "Compendium of physical activiiies: classification
of energy .o:T 

9! human physical activities." Medic[ne & Science in Spons &
Exercise 25 7I-80.

Ainsworth, B. E., w. L. Haskeil, M. c. whin, M. L. kwin, A. M. Swartz, S. J. strath, w.L.
o'Brien, D. R. Bassett, Jr., K. H. schmitz, p. o. Emplaincourt, D. R. Jacobs, Jr. andA' S' kon (2000). "Compendium of physical activiiies: an update of activity codes
and MET intensities." Medicine & Science in Spons & Exercise 32 S49g-504.

Ainsworth, B. E., D. R. Jacobs, Jr., A. s. Leon, M. T. Richardson and H. J. Montoye (1993).
"Assessment of the 

,accu-racy 
of physical activity questionnaire occupational data.,'

Journal of Occupational Medicine 35 l0L7_27.

and K. Jackson (2000). "Evaluation of the
" Medicine & Science in Spons & Exercise

Allison, M. J., C. Keller and P. L. Hutchinson (1998). "Selection of an instrumenr ro
measure the physical activity of elderly people in rural areas." Rehabilitation Nursing
23 309-14.

Anderson, B' and Elley CR (2002). Energy expenditure and cardiovascular risk estimation,
University of Auckland and Pinnacle Independent Practitioners' Association.

Anderson, K. M., P. M. odell, p. w. wilson and w. B. Kannel (1990). ,'cardiovascular
disease risk profires." American Heart Journar. rzr 2g3-g.

245



Anderson, K. M., P. M. Odell, P. W. Wilson and W. B. Kannel (1991). "Cardiovascular
disease risk profiles." American Hean Journal. Lzl293-8.

Anonymous (1994). "Effectiveness of health checks conducted by nurses in primary care:

results of the OXCFDCK study after one year. Imperial Cancer Research Fund
OXCFIECK Study Group." BMJ 308 308-12.

Anonymous (199a). "Randomised controlled trial evaluating cardiovascular screening and

intervention in general practice: principal results of British family heart study.

Family Heart Study Group." BMJ 308 313-20.

Anonymous (1995). "Effectiveness of health checks conducted by nurses in primary care:

final results of the OXCI{ECK study. Imperial Cancer Research Fund OXCHECK
Study Group." BMJ 310 1099-104.

Anonymous (1997). "Effects of weight loss and sodium reduction intervention on blood
pressure and hypertension incidence in ovenveight people with high-normal blood
pressure. The Trials of Hypertension Prevention Collaborative Research Group."
Archives of Intemal Medicine. 157 657-67.

Anonymous (1999). "The Diabetes Prevention Program. Design and methods for a clinical
trial in the prevention of type 2 diabetes." Diabetes Care 22 623-34.

Anonymous (2002). "Behavioral counseling in primary care to promote physical activity:
recommendations and rationale." Ame rican Family Phy sician. 66 1931-6.

Anoll, B. (1992). The Auckland Blood Pressure Control Study.PhD thesis. Auckland,
University of Auckland

Arroll, B. and R. Beaglehole (1992). "Does physical activity lower blood pressure: a critical
review of the clinical trials." Journal of Clinical Epidemiology 45 43947 .

Arroll, 8., R. Jackson and R. Beaglehole (1991). "Validation of a three-month physical
activity recall questionnaire with a seven-day food intake and physical activity
diary." Epidemiology 2 296-9.

Ashenden, R., C. Silagy and D. Weller (1997). "A systematic review of the effectiveness of
promoting lifestyle change in general practice." Family Practice 14 160-76.

Batty, D. (2000). "Reliability of a physical activity questionnaire in middle-aged men."
Public Health Il4 474-6.

Bauman, A., Armstrong T, Booth M et al (1999). Data standards for the measurement of
physical activity among Australian adults: Submission for National Consultation.
Canberra, Australia,, Australian Institute of Health and Welfare.: l-ZL.

Bell-Syer, S. E. and J. A. Moffett (2000). "Recruiting patients to randomized trials in
primary care: principles and case study." Family Practice 17 187-9L.

Berlin, J. A. and G. A. Colditz (1990). "A meta-analysis of physical activity in the
prevention of coronary heart disease." American Jountal of Epidemiology I32 612-
28.

246



Bharathi, A. V., N. Sandhya and M. Vaz (2000). "The development and characteristics of a
physical activity questionnaire for epidemiological studies in urban middle class
Indians." Indian Journal of Medical Research I I I 95-102.

Bijnen, F. C., C. J. Caspersen, E. J. Feskens, W. H. Saris, W. L. Mosterd and D. Kromhout
(1998). "Physical activity and l0-year mortality from cardiovascular diseases and all
causes: The Zutphen Elderly Study." Archives of Internal Medicine 158 1499-505.

Blair, S. N., Y. Cheng and J. S. Holder (2001). "Is physical activity or physical fitness more
important in defining health benefits?" Medicine & Science in Sports & Exercise 33

S379-99; discussion 54 l9-20.

Blair, S. N., W. L. Haskell, P. Ho, R. S. Paffenbarger, Jr., K. M. Vranizan, J. W. Farquhar
and P. D. Wood (1985). "Assessment of habitual physical activity by a seven-day
recall in a community survey and controlled experiments." Arnerican Journal of
Epidemiolo gy. 122 7 94-804.

Blair, S. N., H. W. Kohl, 3rd, C. E. Barlow, R. S. Paffenbarger, Jr., L. W. Gibbons and C. A.
Macera (1995). "Changes in physical fitness and all-cause mortality. A prospective
study of healthy and unhealthy men." JAMA 273 1093-8.

Bland, J. and Altman DG (1986). "Statistical methods for assessing agreement between two
methods of clinical measurement." I-ancet I 307-310.

Bland, J. and S. Keny (1997). "Trials randomised in clusters." BMJ 315 600.

Block, I . E. (1997 ). "Interpreting studies of exercise and osteoporosis: a call for rigor. "
Controlled Clinical Trials. 18 54-7.

Bonnefoy, M., T. Kostka, S. E. Benhouze and J. R. Lacour (1996). "Validation of a physical
activity questionnaire in the elderly." European Journal of Applied Physiology &
Occupational PhysiologylEuropean Journal of Applied Physiology 74 528-33.

Bonnefoy, M., S. Normand, C. Pachiaudi, J. R. Lacour, M. Laville and T. Kostka (2001).
"Simultaneous validation of ten physical activity questionnaires in older men: a

doubly labeled water study." Journal of the ,$nerican Geriatrics Society 49 28-35.

Booth, M., A. Bauman, N. Owen and C. Gore (1997). "Physical Activity Preferences,
Preferred Sources of Assistance, and Percieved Barriers to Increased Activity among
Physically Inactive Australians." Preventive Medicine 26 I3l-I37.

Booth, M., N. Owen, A. Bauman and C. Gore (1996). "Retest Reliability of Recall Measures
of Irisure-Time Physical Activity in Australian Adults." International Journal of
Epidemiolo gy 25 153-159.

Booth, M. L., P. Macaskill, N. Owen, B. Oldenburg, B. H. Marcus and A. Bauman (1993).
"Population prevalence and correlates of stages of change in physical activity."
Health Education Quanerly 20 43140.

Bouchet, C., F. Guillemin and S. Briancon (1996). "Nonspecific effects in longitudinal
studies: impact on quality of life measures." Journal of Clinical Epidemiology 49 15-
20.

247



Brazier, J., J. Roberts and M. Deverill (2002). "The estimation of a preference-based
measure of health from the SF-36." Journal of Health Economics.2l,27L-92.

Brazier,J. E., R. Harper, N. M. Jones, A. O'Cathain, K. J. Thomas, T. Usherwood and L.
Westlake (1992). "Validating the SF-36 health survey questionnaire: new outcome

measure for primary care." BMJ 305 1604.

Buchowski, M. S., K. M. Townsend, K. Y. Chen, S. A. Acra and M. Sun (1999). "Energy

expenditure determined by self-reported physical activity is related to body fatness."

Obesity Research. 7 23-33.

Bull, F. C. and K. Jamrozik (1998). "Advice on exercise from a family physician can help
sedentary patients to become active." American Journal of Preventive Medicine 15

85-94.

Bullen, C., G. Simmons, P. Trye, R. Lay-Yee, R. Bonita and R. Jackson (1998).
"Cardiovascular disease risk factors in 65-84 year old men and women: results from
the Auckland University Heart and Health Study 1993-4." New Zealand Medical
Journal III 4-7.

Calfas, K. J., B. J. Long, J. F. Sallis, W. J. Wooten, M. Pratt and K. Patrick (1996). "A
controlled trial of physician counseling to promote the adoption of physical activity."
Preventive Medicine 25 225-33.

Campbell, L., B. Pannett, P. Egger, C. Cooper and D. Coggon (1997). "Validity of a
questionnaire for assessing occupational activities ." American Journal of Industrial
Medicine 31422-6.

Campbell, M. K. and J. M. Grimshaw (1998). "Cluster randomised trials: time for
improvement. The implications of adopting a cluster design are still largely being
ignored." BMJ 3I7 ll7 l-2.

Campbell, M. K., J. Mollison, N. Steen, J. M. Grimshaw and M. Eccles (2000). "Analysis of
cluster randomized trials in primary care: a practical approach." Family Practice 17

192-6.

Cartmel, B. and T. Moon (L992). "Comparison of Two Physical Activity Questionnaires
with a Diary, for Assessing Physical Activity in an Elderly Population." Journal of
Clinical Epidemiology 45 877-883.

Centers for Disease Control and Prevention (1996). Physical Activity and Health: A Report
of the Surgeon General. Atlanta, U.S. Dept. of Health and Human Seryices, Centers

for Disease Control and Prevention. National Center for Chronic Disease Prevention
and Health Promotion.

Chalip, L., D. Thomas and J. Voyle (1996). Enhancing Wellbeing through Sport and

Recreation. Community Psychology and Social Change: Australian and New
7*,alandPerspectives. V. A. Thomas DR. Palmerston North, Dunmore Press: 126-

156.

Charatan, F. (2001). "Exercise and diet reduce risk of diabetes, US study shows." BMJ 323
359.

248



Chasan-Taber, L., J. B. Erickson, J. W. McBride, P. C. Nasca, S. Chasan-Taber and P. S.

Freedson (2002). "Reproducibility of a self-administered lifetime physical activity
questionnaire among female college alumnae." American Journal of Epidemiology
t55 282-9.

Chasan-Taber, S., E. B. Rimm, M. J. Stampfer, D. Spiegelman, G. A. Colditz, E.

Giovannucci, A. Ascherio and W. C. Willett (1996). "Reproducibility and validity of
a self-administered physical activity questionnaire for male health professionals."

Epidemiology 7 81-86.

Clarkson, P., H. E. Montgomery, M. J. Mullen, A. E. Donald, A. J. Powe, T. Bull, M. Jubb,
M. World and J. E. Deanfield (1999). "Exercise training enhances endothelial
function in young men." Journal of the American CoIIege of Cardiology 33 1379-85.

Clover, K., S. Redman, J. Forbes, R. Sanson-Fisher and T. Callaghan (1996). "Two
sequential randomized trials of community participation to recruit women for
marnmographic screening." Preventive Medicine.25 126-34. 

I

Coats, A. J. (2001). "Exercise and heart failure." Cardiology Clinics. 19 517-24, xii-xiii.

Conway, J. M., M. L. Irwin and B. E. Ainsworth (2002). "Estimating energy expenditure
from the Minnesota kisure Time Physical Activity and Tecumseh Occupational
Activity questionnaires - a doubly labeled water validation." Journal of Clinical
Epidemiology 55 392-9.

Conway, J. M., J. L. Seale, D. R. Jacobs, Jr., M. L. kwin and B. E. Ainsworth (2002).
"Comparison of energy expenditure estimates from doubly labeled water, a physical
activity questionnaire, and physical activity records." American Journal of Clinical
NutritionTS 519-25.

Cook, N. R., J. Cohen, P. R. Hebert, J. O. Taylor and C. H. Hennekens (1995). "Implications
of small reductions in diastolic blood pressure for primary prevention ." Archives of
Internal Medicine. 155 701-9.

Cupples, M. E. and A. Mclfuight (L994). "Randomised controlled trial of health promotion
in general practice for patients at high cardiovascular risk." BMJ 3O9 993-6.

D'Agostino, R. 8., M. W. Russell, D. M. Huse, R. C. Ellison, H. Silbershatz, P. W. Wilson
and S. C. Hartz (2000). "Primary and subsequent coronary risk appraisal: new results
from the Framingham study." American Heart Journal 139 272-8I.

Davis, P., K. Mcl-eod, M. Ransom and P. Ongley (1997). The New Tr,aland Socio-economic
Index of Occupational Status (NZSEI). Wellington, Statistics New Zealand: 96.

De Abajo, S., R. Laniba and S. Marquez (2001). "Validity and reliability of the Yale
Physical Activity Survey in Spanish elderly." Journal of Sports Medicine & Physical
Fitness 41479-85.

Department of Statistics New 7*aland (2002). National Population Estimates,
http ://www. stats. govt. nz.

249



Dipietro, L., C. J. Caspersen, A. M. Ostfeld and E. R. Nadel (1993). "A survey for assessing
physical activity among older adults." Medicine & Science in Spons i Exercise 25
62842.

Divine, G. W., J. T' Brown and L. M. Frazier (lgg2). "The unit of analysis error in studies
about physicians'patient care behavior." Journal of General Iniernal Medicine. T
623-9.

Donner, A., K. Brown and P. Brasher (1990). "A Methodological review of non-therapeutic
intervention trials employing cluster randomization t9Z9-89." International Journal
of Epidemiology t9 795-800.

Donner, A. and N. Klar (2000). Design and analysis of cluster randomisation trials in health
research. New York, Oxford University press Inc.

Drummond, M., W. L. O'Brien, G. Stoddart and G. Torrance (lgg7).Methods for the
Economic Evaluation of Health Care Programmes. New York, Oxford University
Press.

Drummond, M. F. and T. O. Jefferson (1996). "Guidelines for authors and peerreviewers of
economic submissions to the BMJ. The BMI Economic Evaluation Working party."
BMJ 3t3 275-83.

Dubbert, P. M., K. M. Cooper, K. A. Kirchner, E. F. Meydrech and D. Bilbrew (2002,).
"Effects of nurse counseling on walking for exercise in elderly primary care
patients." Journals of Gerontology Series A-Biological Scieniei & Midical Sciences.
s7 M73340.

Dunn, A- L. and R. K. Dishman (1991). "Exercise and the neurobiology of depression."
Exercise & Spon Sciences Reviews 19 41-9g.

Dunn, C.' L. Deroo and F. P. Rivara (2001). "The use of brief interventions adapted from
motivational interviewing across behavioral domains: a systemati c
review. [comment]." Addiction. 96 l7 ZS-42.

Durie, M., G. Allan et al (1997). Oranga Kaumatua: The Health and Wellbeing of Older
Maori People. Wellington, Te Puni Kokiri, Ministry of Maori Develop-ment.

Eakin, E. G., R. E. Glasgow and K. M. Riley (2000). "Review of primary care-based
physical activity intervention studies: effectiveness and implicatilns for practice and
future research." Joumal of Family practice 49 l5g_6g.

Eaton, C. B. and L. M. Menard (1998). "A systematic review of physical activity promotion
in primary care office settings." British Journal of Spons Medicine 32 ll-6.

Ebrahim, S. and G. Davey-Smith (1999). "Multiple risk factor interventions for primary
prevention of coronary heart disease." Cochrane Database of Systematic Reviews.

Ebrahim, S. and G. Davey-Smith (1997). "Systematic review of randomised controlled trials
of multiple risk factor interventions for preventing coronary heart disease.', BMJ 314
1666-1674.

250



Eccles, M., J. Grimshaw, N. Steen, D. Parkin,I. Purves, E. McColl and N. Rousseau (2000).

"The design and analysis of a randomized controlled trial to evaluate computerized
decision support in primary care: the COGENT study." Family Practice 17 180-6.

Eden, K.8., C. T. Orleans, C. D. Mulrow, N. J. Pender and S. M. Teutsch (2002). "Does

counseling by clinicians improve physical activity? A summary of the evidence for
the U.S. Preventive Services Task Force." Annals of Internal Medicine. t37 208-15.

Edwards, S. J., D. A. Braunholtz, R. J. Lilford and A. J. Stevens (1999). "Ethical issues in
the design and conduct of cluster randomised controlled trials." BMJ 318 1407-9.

Egger, M., P. Juni, C. Bartlett, F. Holenstein and J. Sterne (2003). "How important are

comprehensive literature searches and the assessment of trial quality in systematic

reviews? Empirical study." HealthTechnology Assessment 7 l-88.

Elley, C. (2000). The JOGS Study Design and Pilot Study Results. (Report), University of
Auckland, Auckland

Elley, C., N. Kerse, B. Swinburn, Arroll B and E. Robinson (2003a). "Measuring physical

activity in primary health care research: validity and reliability of two
questionnaires." Nerv Zealand Family Physician 30 l7l-180.

Elley, C., N. Kerse and B. Anoll (2003b). "Why Target Sedentary Adults in Primary Health
Care? Baseline Results from the Waikato Heart, Health and Activity Study."
Preventive Medicine in press.

Elley, C., N. Kerse, B. Anoll and E. Robinson (2003c). "Effectiveness of counselling
patients on physical activity in general practice: cluster randomised controlled trial."
BMJ 326793-796.

Eriksson, K. F. and F. Lindgarde (1991). "Prevention of type 2 (non-insulin-dependent)
diabetes mellitus by diet and physical exercise. The 6-year Malmo feasibility study."

Diabetologia 34 891-8.

Eriksson, K. F. and F. Lindgarde (1998). "No excess l2-year mortality in men with impaired
glucose tolerance who participated in the Malmo; Preventive Trial with diet and

exercise." Diabetologrd 4l l010-6.

Fagard, R. H. (2001). "Exercise characteristics and the blood pressure response to dynamic
physical training." Medicine & Science in Sports & Exercise 33 5484-92; discussion
s493-4.

Fan,Z. (1993). A validation study of past year physical activity history versus 24-hour
physical activity recall (Masters thesis)

Fergusson, D., S. D. Aaron, G. Guyatt and P. Hebert (2WZ). "Post-randomisation

exclusions: the intention to treat principle and excluding patients from analysis."

BMJ 325 652-654.

Freemantle, N. (2001). "Interpreting the results of secondary end points and subgroup
analyses in clinical trials: should we lock the crazy aunt in the attic?" BMJ 322989-
91.

25r



Friedenreich, C. M., K. S. Courneya and H. E. Bryant (1998). "The lifetime total physical
activity questionnaire: Development and reliability." Medicine & Science in Spons &
Exercise 30 266-274.

Friedman, L., C. Furberg and D. DeMets (1985). Fundamentals of Clinical Trials, PSG
Publishing Company.

Garcia-Palmieri, M. R. (2000). "Primary and secondary prevention of cardiovascular disease

in the elderly." Boletin - Asociacion Medica de Puerto Rico. 92 3-8.

Giorgi, D., L. Giordano, C. Senore, G. Merlino, R. Negri, M. Cancian, M. Lerda, N. Segnan
and M. R. Del Turco (2000). "General practitioners and mammographic screening
uptake: influence of different modalities of general practitioner participation.
Working Group." Tumori. 86 124-9.

Glenister, D. (1996). "Exercise and mental health: a review." Journal of the Royal Sociery of
Health LL67-13.

Goldstein, M. G., B. M. Pinto, B. H. Marcus, H. Lynn, A. M. Jette, S. McDermott, J. D.
DePue, F. B. Milan, C. Dube, S. Tennstedt and W. Rakowski (1999). "Physician-
based physical activity counseling for middle-aged and older adults: A randomized
trial." Annals of Behavioral Medicine 2L 40-47.

Graham-Clarke, P. and B. Oldenburg (1994). "The effectiveness of a general-practice-based
physical activity intervention on patient physical activity status." Behaviour Change,
tr t32-tM.

Green, B. B., T. McAfee, M. Hindmarsh, L. Madsen, M. Caplow and D. Buist (2002).
"Effectiveness of telephone support in increasing physical activity levels in primary
care patients." American Journal of Preventive Medicine.22I77-I83.

Guyatt, G. and R. Drummond (2002). LJsers'Guides to the Medical Literature, American
Medical Association.

Haapanen-Niemi, N.,I. Vuori and M. Pasanen (1999). "Public health burden of coronary
heart disease risk factors among middle-aged and elderly men." Preventive Medicine
28 343-8.

Halbert, J. A., C. A. Silagy, P. Finucane, R. T. Withers and P. A. Hamdorf (1999). "Exercise
training and blood lipids in hyperlipidemic and normolipidemic adults: a meta-
analysis of randomized, controlled trials." European Journal of Clinical Nutrition 53

5t4-22.

Halbert, J. A., C. A. Silagy, P. Finucane, R. T. Withers, P. A. Hamdorf and G. R. Andrews
(1997). "The effectiveness of exercise training in lowering blood pressure: a meta-
analysis of randomised controlled trials of 4 weeks or longer." Journal of Human
Hypertension ll641-9.

Halbert, J. A., C. A. Silagy, P. M. Finucane, R. T. Withers and P. A. Hamdorf (2000).
"Physical activity and cardiovascular risk factors: effect of advice from an exercise
specialist in Australian general practice." Medical Jaurnal of Australia 173 84-7.

252



Harada, N. D., V. Chiu, A. C. King and A. L. Stewart (2001). "An evaluation of three self-

report physical activity instruments for older adults." Medicine & Science in Sports

& Exercise33 962-70.

Hardman, A. E. (2001). "Issues of fractionization of exercise (short vs long bouts)."

Medicine & Science in Sports & Exercise 33 S42l-7; discussion 5452-3.

Harland, J., M. White, C. Drinkwater, D. Chinn, L. Fan and D. Howel (1999)' "The
Newcastle exercise projecf a randomised controlled trial of methods to promote

physical activity in primary care." BMJ 319 828'32.

Harris, R. P., M. Helfand, S. H. Woolf, K. N.I-ohI, C. D. Mulrow, S. M. Teutsch, D. Atkins
and T. U. S. P. S. T. F. Methods Work Group (2001). "Current methods of the US

Preventive Services Task Force: a review of the process." American Journal of
Preventive Medicine. 20 2l-35.

Haskell, W. L. (1997). Medical Clearance for Exercise Program Participation by Older
Persons: The Clinical Versus the Public Health Approach. Healthy Aging: Activity
and Sports, Conference Proceedings. G. Huber. Germany, University of Heidelberg,

Health Promotion Publications.

Hatziandreu, E. I., J. P. Koplan, M. C. Weinstein, C. J. Caspersen and K. E. Warner (1988).

"A cost-effectiveness analysis of exercise as a health promotion activity." American

Journal of Public Health.78 l4L7-21.

Hay, D. (1999). Cardiovascular Disease in New Zealand,1999: A Summary of Recent

Statistical lnformation. Auckland, The National Heart Foundation of New Tsaland;
l-20.

Hayden, H., J. Sallis, C. Armstrong, K. Whalen and J. Sarkin (1998). "Evaluation of phone

version of the seven day physical activity recall." Medicine and Science in Sport and

Exercise 30 sl4.

Hayes, V., J. Morris, C. Wolfe and M. Morgan (1995). "The SF-36 health survey
questionnaire: is it suitable for use with older adults?" Age & Ageing 24 l2O-5.

Hillary Commission (1998). Green Prescriptions: Strategy Paper. Wellington, New 7*aland,
Hillary Commission.

Hillary Commission (1998). More people, more active, more often. Wellington, Hillary
Commission for Sport and Recreation.

Hillsdon, M. and M. Thorogood (1996). "A systematic review of physical activity promotion

strategies." Bitish Journal of Sports Medicine 30 84-9.

Hillsdon, M., M. Thorogood, T. Anstiss and J. Morris (1995). "Randomised controlled trials

of physical activity promotion in free living populations: a review ." Journal of
Epidemiology & Communiry Health 49 M8-53.

Hillsdon, M., M. Thorogood, I. White and C. Foster (2002). "Advising people to take more

exercise is ineffective: a randomized controlled trial of physical activity promotion in

primary care." International Journal of Epidemiology 3l 808-815.

253



Hollis, S. and F. Campbell (1999). "What is meant by intention to treat analysis? Survey of
published randomised controlled trials." BMJ 319 670-4'

Hopkins, W. G., N. C. Wilson and D. G. Russell (1991). "Validation of the physical activity

instrument for the Life in New 7*alandnational survey." American Journal of
Epidemiology. 133 73-82.

Hu, F. 8., M. J. Stampfer, G. A. Colditz, A. Ascherio, K. M. Rexrode, W. C' Willett and J'

E. Manson (2000). "Physical activity and risk of stroke in women." JAMA283 2961-

7.

Iliffe, S., S. S. Tai, M. Gould, M. Thorogood and M. Hillsdon (199a). "Prescribing exercise

in general practice." BMJ' 309 494-5.

lwai, N., S. Hisamichi, N, Hayakawa, Y. Inaba, T. Nagaoka, H. Sugimori, N. Seki, K.

Sakata, K. Suzuki, A. Tamakoshi, Y. Nakamura, A. Yamamoto, Y. Nishino, A'
Ogihara, N. Okamoto, H. Suzuki, S. Morioka, Y.Ito, K. Wakai, T' Ojima, H'

Tanaka, T. Nose and Y. Ohno (2001). "Validity and reliability of single-item

questions about physical activity." Journal of Epidemiology I I 211-8.

Jackson, R. (1939). The Auckland Heart Study: A Case-Control Study Of Coronary Heart

Disease. PhD thesis. Auckland, New Zealand., University of Auckland

Jackson, R., R. L. Yee, P. Priest, L. Shaw and R. Beaglehole (1995). "Trends in coronary

heart disease risk factors in Aucklan d t982-94." New 7*aland Medical Journal 108

451-4.

Jacobs, D. R., Jr., B. E. Ainsworth, T. J. Hartman and A. S. I-eon (1993). "A simultaneous

evaluation of l0 commonly used physical activity questionnaites." Medicine &

Science in Sports & Exercise 25 81-91.

Jadad, A. R., R. A. Moore, D. Canoll, C. Jenkinson, D. J' Reynolds, D. J' Gavaghan and H'

J. McQuay (1996). "Assessing the quality of reports of randomized clinical trials: is

blinding necessary?" Contolled Clinical Trials. L7 l-lZ.

Jakicic, J. M., K. Clark, E. Coleman, J. E. Donnelly, J. Foreyt' E. Melanson, J' Volek, S' L'
Volpe and M. American College of Sports (2001). "American College of Sports

Medicine position stand. Appropriate intervention strategies for weight loss and

prevention of weight regain for adults." Medicine & Science in Spons & Exercise 33

2145-56.

Jakicic, J. M., B. A. Polley and R. R. Wing (1998). "Accuracy of self-reported exercise and

the relationship with weight loss in overweight women." Medicine & Science in

Sports & Exercise. 30 634-8'

Jensen, 8., C. Sullivan, N. Wilson, B. Berkeley and D. Russell (1993). The Business of
Sport and I-eisure, Hillary Commission.

Jolliffe, J. A., K. Rees, R. S. Taylor, D. Thompson, N. Oldridge and S. Ebrahim (2003)'

"Exercise-based rehabilitation for coronary heart disease." Cochrane Database of
Svstematic Reviews 2003 ;( I ).

254



Kalkwarf, H. J., J. D. Haas, A. Z. Belko, R. C. Roach and D. A. Roe (1989). "Accuracy of

heart-rate monitoring and activity diaries for estimating energy expenditure."

American Journal of Clinical Nutrition. 49 37-43'

Kampert, J. B., S. N. Blair, C. E. Barlow and H. W. Kohl (1996). "Physical activity, physical

fitness, and all-cause and cancer mortality: a prospective study of men and women."

Annnls of EpidemiologY 6 452-7 .

Kelley, D. E. and B. H. Goodpaster (2001). "Effects of exercise on glucose homeostasis in

Type 2 diabetes mellitus." Med,icine & Science in Spotts & Exercise 33 5495-501;

discussion S528-9.

Kenealy, T., R. Scragg and G. Braatvedt (2000). Screening for type 2 diabetes in

asymptomatii, non-pregnant adults in New Tnaland. (Report) Auckland, University

of Auckland.

Keny, S. and J. Bland (1998). "Intracluster correlation coefficient in cluster randomisation."

BMJ 3161455.

Kerse, N. (1998). Health Promotion and Older People: a General Practice lntervention

Study. PhD thesis. Melbourne, University of Melbourne

Kerse, N. M., L. Flicker, D. Jolley, B. Anoll and D. Young (1999). "lmproving the health

behaviours of elderly people: randomised controlled trial of a general practice

education prograrnme." BMJ 319 683-7.

Kesaniemi, Y.K., E. Danforth, Jr., M. D. Jensen, P. G. Kopelman, P. kfebvre and B' A'

Reeder (2001). "Dose-response issues concerning physical activity and health: an

evidence-based symposium." Medicine & Science in Sports & Exercise 33 S35l-8'

Ketola, E., R. Sipila and M. Makela (2000). "Effectiveness of individual lifestyle

interventions in reducing cardiovascular disease and risk factors." Annals of
Medicine 32239-51.

Khan, K. S., S. Daya and A. Jadad (1996). "The importance of quality of primary studies in

producing unbiased systematic reviews.[comment]." Archives of Internal Medicine.

r56 661-6.

King, A. C., J. F. Sallis, A. L. Dunn, D. G. Simons-Morton, C' A. Albright, S. Cohen, W' J'

Rejeski, B. H. Marcus and M. C. Coday (1998). "Overview of the Activity
Counseling Trial (ACT) intervention for promoting physical activity in primary

health care settings. Activity Counseling Trial Research Group." Medicine & Science

in Sports & Exercise 30 1086-96.

Kirk, A. F., L. A. Higgins, A. R. Hughes, B. M. Fisher, N. Mutrie, S. Hillis and P' D.

Maclntyre IZOOtl. "A randomized, controlled trial to study the effect of exercise

consultation on the promotion of physical activity in people with Type 2 diabetes: a

pilot study." Diabetic Medicfue. 18 877-82.

Klesges, R. C., L. H. Eck, M. W. Mellon, W. Fulliton, G. W. Somes and C. L. Hanson

(1990). "The accuracy of self-reports of physical activity." Medicine & Science in

Spons & Exercise.22 690-7 '

255



Knowler, W. C., E. Barrett-Connor, S. E. Fowler, R. F. Hamman, J. M. Lachin, E. A.
Walker, D. M. Nathan and G. Diabetes Prevention Program Research (2002).
"Reduction in the incidence of type 2 diabetes with lifestyle intervention or
metformin." New England Jottrnal of Medicine. 346 393-403.

Kohl, H. W., 3rd (2001). "Physical activity and cardiovascular disease: evidence for a dose
response." Medicine & Science in Spons & Exercise 33 5472-83; discussion 54934.

Kriska, A. M., W. C. Knowler, R. E. LaPorte, A. L. Drash, R. R. Wing, S. N. Blair, P. H.
Bennett and L. H. Kuller (1990). "Development of questionnaire to examine
relationship of physical activity and diabetes in Pima Indians." Diabetes Care 13

401-1 l.

Lakka, T. A. and J. T. Salonen (1992). "Intra-person variability of various physical activity
assessments in the Kuopio ischaemic heart disease risk factor study." International
Journal of Epidemiology 21 467-472.

Lamonte, M. J. and B. E. Ainsworth (2001). "Quantifying energy expenditure and physical
activity in the context of dose response." Medicine & Science in Sports & Exercise
33 5370-8; discussion 54l9-20.

Langham, S., M. Thorogood, C. Normand, J. Muir, L. Jones and G. Fowler (1996). "Costs
and cost effectiveness of health checks conducted by nurses in primary care: the
Oxcheck study." BMJ 3121265-8.

LaPorte, R., Montoye HJ and Caspersen CJ (1985). "Assessment of Physical Activity in
Epidemiological Research: Problems and Prospects @eview)." Public Health
Reports 100 13l-46.

Lawlor, D. A. and B. Hanratty (2001). "The effect of physical activity advice given in
routine primary ciue consultations: a systematic review." Joumal of Public Health
Medicine 23 219-26.

ke I, Hsieh C and J. Paffenbarger R (1995). "Exercise intensity and longevity in men. The
Harvard Alumni Health Study." Journal of the American Medical Association2T3
t179-84.

Lee, I. M. and R. S. Paffenbarger (1996). "Do physical activity and physical fitness avert
premature mortality?" Exercise & Spon Sciences Reviews 24 L35-7L.

ke, I. M- and P. J. Skerrett (2001). "Physical activity and all-cause mortality: what is the
dose-response relation?" Medicine & Science in Sports & Exercise 33 5459-71;
discussion 5493-4.

kenders, N., W. M. Sherman and H. N. Nagaraja (2000). "Comparisons of four methods of
estimating physical activity in adult women." Medicine & Science in Sports &
Exercise 321320-6.

Lrenders, N. Y. J. M., W. M. Sherman, H. N. Nagaraja and C. L. Kien (2001). "Evaluation
of methods to assess physical activity in free-living conditions." Medicine and
Science in Spons and Exercise 33 1233-1240.

256



Leon, A. S. and O, A. Sanchez (2001). "Response of blood lipids to exercise training alone
or combined with dietary intervention." Medicine & Science in Sports & Exercise 33
5502- 15; discussion 5528-9.

Lijmer, J. G., B. W. Mol, S. Heisterkamp, G. J. Bonsel, M. H. Prins, J. H. van der Meulen
and P. M. Bossuyt (1999). "Empirical evidence of design-related bias in studies of
diagnostic tests. JAMA 282l06L-6.

Lindholm, L. H., T. Ekbom, C. Dash, M. Eriksson, G. Tibblin and B. Schersten (1995). "The
impact of health care advice given in primary care on cardiovascular risk. CELL
Study Group." BMJ 310 I105-9.

Lindsted, K. D., S. Tonstad and J. W. Kuzma (1991). "Self-report of physical activity and
patterns of mortality in Seventh-Day Adventist men." Joumal of Clinical
Epidemiolo gy 44 355-64.

Little, P. and B. Margetts (1996). "Dietary and exercise assessment in general practice."
Family Practice 13 477-82.

Liu, B., J. Woo, N. Tang, K. Ng, R. Ip and A. Yu (2001). "Assessment of total energy
expenditure in a Chinese population by a physical activity questionnaire:
Examination of validity." International Joumal of Food Science & Nutrition 52269-
282.

Logsdon, D. N., C. M. Lazarc and R. V. Meier (1989). "The feasibility of behavioral risk
reduction in primary medical care." American Joumal of Preventive Medicine. 5

249-56.

Lowther, M., Mutrie N, Loughlan C and McFarlane C (1999). "Development of a Scottish
physical activity questionnaire: a tool for use in physical activity interventions."
British Journal of Sports Medicine 33 244-9.

Macera, C. A. and K. E. Powell (2001). "Population attributable risk: implications of
physical activity dose." Medicine & Science in Spons & Exercise 33 5635-9;
discussion 640-1.

Maclennan, R. (1993). "Interrater Reliability With SPSS for Windows 5.0." The Arneican
Statistician 47 292-296.

Manson, J. E., F. B. Hu, J. W. Rich-Edwards, G. A. Colditz, M. J. Stampfer, W. C. Willett,
F. E. Speizer and C. H. Hennekens (1999). "A prospective study of walking as

compared with vigorous exercise in the prevention of coronary heart disease in
women." New England Journal of Medicine 341 650-8.

Marcus, B. H., T. K. King, M. M. Clark, B. M. Pinto and B. C. Bock (1996). "Theories and
Techniques for Promoting Physical Activity Behaviours." Spor?s Medicine 22321-
33t.

Marcus, B. H. and L. R. Simkin (1994). "The transtheoretical model: applications to exercise
behavior." Medicine & Science in Sports & Exercise.26 L4OO-4.

257



Marshall, S. J. and S. J. Biddle (2001). "The transtheoretical model of behavior change: a
meta-analysis of applications to physical activity and exercis e." Annals of Behavioral
Medicine.23 229-46.

Marwick, J., R. Grol and A. Borgiel (1992). Quality Assurance for Family Doctors.
Jolimont, Victoria, Australia, The World Organisation of National Colleges,
Academies and Academic Associations of General Practitioners/ Family physicians:
l-99.

McAuley, E., K. S. Courneya and J. kttunich (1991). "Effects of acute and long-term
exercise on self-efficacy responses in sedentary, middle-aged males and females."
Gerontologisr. 3 I 53442.

McHorney, c. A., J. E. ware, Jr., J. F. Lu and c. D. Sherbourne (1994). "The Mos 36-item
Short-Form Health Survey (SF-36): III. Tests of data quality, scaling assumptions,
and reliability across diverse patient groups." Medical care 32 40-66.

McHorney, C. A., J. E. Ware, Jr. and A. E. Raczek (1993). "The MOS 36-Item Short-Form
Health Survey (SF-36): II. Psychometric and clinical tests of validity in measuring
physical and mental health constructs." Medical Care 31247-63.

McKenna, J., P. Naylor and N. McDowell (199S). "Barriers to physical activity promotion
by general practitioners and practice nurses." British Journal of SponiMedicine 32
242-247.

Medical Outcomes Trust (1993). How to Score the SF-36 Health Survey. Bosron, Medical
Outcomes Trust.

Metcalfe S, S. Dougherty, M Brougham, P Moodie (2003) PHARMAC measures savings
elsewhere to the health sector. NZ Med J lL6l l70.

Miller, D' B. (1997). "Secondary prevention for ischemic heart disease. Relative numbers
needed to treat with different therapies." Archives of Internal Medicine. 157 2MS-52.

Miller, D. J., P. S. Freedson and G. M. Kline (1994). "Comparison of activity levels using
the Caltrac accelerometer and five questionnaires." Medicine & Science in Sponi &
Exercise.26 376-82.

Milne, R. and G. Gamble (2003). "Cardiovascular risk screening and lipid lowering
treatment in their economic context". Auckland, report for NZ Guidelines Group.

Ministry of Health (1998). Taking the Pulse; 1996-97 New Zealand Health Survey.
Wellington, www.moh. govt.nz.

Ministry of Health (1999). Our Health, Our Future. Wellington, Ministry of Health.

Miser, W. F' (2000). "Exercise as an effective treatment option for major depression in older
adults." Journal of Family Practice 49 109-10.

Moffett, J. K', D. Torgerson, S. Bell-Syer, D. Jackson, H. Llewlyn-Phillips, A. Farrin and J.
Barber (1999). "Randomised controlled trial of exercise for low back pain: clinical
outcomes, costs, and preferences." BMJ 3L9 279_93.

258



Montoye, H., Kemper HCG, Saris WHM and Washbum RA (1996). Measuring Physical
Activity and Energy Expenditure. USA, Human Kinetics.

Moore, H., C. Summerbell, A. Vail, D. C. Greenwood and A. J. Adamson (2001). "The
design features and practicalities of conducting a pragmatic cluster randomized trial
of obesity management in primary care." Statistics in Medicine 2033140.

Morgan, K. and D. Clarke (L997). "Customary physical activity and survival in later life: a
study in Nottingham, LIK." Journal of Epidemiology & Community Health 51 490-3.

Morris, J. N., J. Heady and P. Raffle (1953). "Coronary heart disease and physical activity of
work." I-ancet 2 LLll-zO.

Morris, J. N., A. Kagan, D. C. Pattison and M. J. Gardner (1966). "Incidence and prediction
of ischaemic heart-disease in London busmen." Inncet 2 553-9.

National Health Committee (1998). Active for Life: A Call for Action. The Health Benefits
of Physical Activity. Wellington, New Tr-aland National Health Committee.

Norman, A., R. Bellocco, A. Bergstrom and A. Wolk (2001). "Validity and reproducibility
of self-reported total physical activity--differences by relative weight." International
Journal of Obesity & Related Metabolic Disorders 25 682-8.

O'Connor, G. T., J. E. Buring, S. Yusuf, S. Z. Goldhaber, E. M. Olmstead, R. S.

Paffenbarger, Jr. and C. H. Hennekens (1989). "An overview of randomized trials of
rehabilitation with exercise after myocardial infarction." Circulation. 80 23444.

Oja, P. (2001). "Dose response between total volume of physical activity and health and
fitness." Medicine & Science in Sports & Exercise 33 5428-37; discussion 5452-3.

O'Neill, C., C. Normand, M. Cupples and A. McKnight (1996). "Cost effectiveness of
personal health education in primary care for people with angina in the greater
Belfast area of Northern Ireland." Journal of Epidemiology & Community Health. 50

538-40.

OToole, 8., B. Driver, H. Britt and C. Bridges-Webb (1991). "Using general practitioners to
measure community morbidity." International Journal of Epidemiology 2A ln5-32.

Paffenbarger, R. J., Wing AL, Hyde RT et al (1978). "Physical activity as an index of heart

attack risk in college alumni." American Journal of Epidemiology 108 161-175.

Paffenbarger, R. S., Jr., R. T. Hyde, A. L. Wing and C. C. Hsieh (1986). "Physical activity,
all-cause mortality, and longevity of college alumni." New England Journal of
Medicine 314 605-13.

Pan, X. R., G. W. Li, Y. H. Hu, J. X. Wang, W. Y. Yang, Z. X. An, Z. X. Hu, I.Lin, LZ.
Xiao, H. B. Cao, P. A. Liu, X. G. Jiang, Y. Y. Jiang, J. P. Wang, H. Zheng, H.
Zhang, P. H. Bennett and B. V. Howard (1997). "Effects of diet and exercise in
preventing NIDDM in people with impaired glucose tolerance. The Da Qing IGT and

Diabetes Stiidy." Diabetes Care 20 537-M.

259



Pate, R. R., M. Pratt, S. N. Blair, W. L. Haskell, C. A. Macera, C. Bouchard, D. Buchner, W.

Ettinger, G. W. Heath and A. C. King (1995). "Physical activity and public health. A
recommendation from the Centers for Disease Control and Prevention and the

American College of Sports Medicine." JAMA213 402-7.

Patterson, P. (2000). "Reliability, validity, and methodological response to the assessment of
physical activity via self-report." Research Quarterly for Exercise & Sport.7l S15-

20.

Pereira, M. A., S. J. FitzerGerald, E. W. Gregg, M. L. Joswiak, W. J. Ryan, R. R. Suminski,
A. C. Uner and J. M. Zmuda (1997). "A collection of Physical Activity

Questionnaires for health-related research." Medicine & Science in Sports &
Exercise 29 Sl-205.

Perneger, T. V. (1998). "What's wrong with Bonfenoni adjustments.[comment]." BMJ 316

1236-8.

Petrella, R. J. and C. N. Lattan zio (20I2)."Does counseling help patients get active?

Systematic review of the literature.[comment]." Canadian Family Physician. 48 72-

80.

Philippaerts, R. M. and J. I-efevre (1998). "Reliability and validity of three physical activity
questionnaires in Flemish males." Ameican Journal of Epidemiology 147 982-90.

Philippaerts, R. M., K. R. Westerterp and J. Irfevre (1999). "Doubly labelled water

validation of three physical activity questionnaires." International Journal of Spons

Medicine 20 284-9.

Philippaerts, R. M., K. R. Westerterp and J. kfevre (2001). "Comparison of two
questionnaires with a tri-axial accelerometer to assess physical activity patterns."

International Journal of Sports Medicine 22 34-9.

Pinto, B.M., R. Friedman, B. H. Marcus, H. Kelley, S. Tennstedt and M. W. Gillman
(2002). "Effects of a computer-based, telephone-counseling system on physical

activity." Ameican Journal of Preventive Medicine.23 Il3-20.

Pinto, B. M., H. Lynn, B. H. Marcus, J. DePue and M. G. Goldstein (2001). "Physician-
based activity counseling: intervention effects on mediators of motivational readiness

for physical activity." Annals of Behavioral Medicine.23 2-10.

Pols, M. A., P. H. Peeters, H. B. Bueno-De-Mesquita, M. C. Ocke, C. A. Wentink, H. C.

Kemper and H. J. Collette (1995). "Validity and repeatability of a modified Baecke

questionnaire on physical activity." International Journal of Epidemiology 24 381-8.

Pols, M. A., P. H. Peeters, H. C. Kemper and H. J. Collette (1996). "Repeatability and

relative validity of two physical activity questionnaires in elderly women." Medicine
& Science in Spofis & Exercise 28 1020-5.

Pols, M. A., P. H. Peeters, H. C. Kemper and D, E. Grobbee (1998). "Methodological
aspects of physical activity assessment in epidemiological studies." European

Journal of Epidemiology L4 63-70.

260



Pols, M. A., P. H. Peeters, M. C. Ocke, H. B. Bueno-de-Mesquita, N. Slimani, H' C' Kemper

and H. J. Collette (Igg7). "Relative validity and repeatability of a new questionnaire

on physical activity." P reventive Medicine 26 37 -43'

Pols, M. A., P. H. Peeters, M. C. Ocke, N. Slimani, H. B' Bueno-de-Mesquita and H' J'

Collette (1997). "Estimation of reproducibility and relative validity of the questions

included in the EPIC Physical Aciivity Questionnaire." International Joumal of

EpidemiologY 26 S l8 l-9.

Powell, K. E., P. D. Thompson, C. J. Caspersen and J. S. Kendrick (1987). "Physical actiytiY

and the incidence of .oron*y heart disease." Annual Review of Public Health8253-

87.

Prochaska, J., J. Sallis, B. [-ong, D. D. Lydston and D. Wade (1999)' "Validity and

reliability of physical activity screening tools for adolescents in primary care

settings.'; Medicine & Science in Sports & Exercise 3t 5288.

Prochaska, J. J., J. F. Sallis and B. Long (2001). "A physical activity screening measure for

use with adolescents in primary care." Archives of Pediatrics & Adolescent

Medicine.l55 554-9.

prochaska, J. O. and C. C. DiClemente (1983). "stages and processes of self-change of

smoking: toward an integrative model of change." Joumal of Consulting & Clinical

PsychologY. 51 390-5.

Raab, G. M. and L Butcher (2001). "Balance in cluster randomized trials." statistics in

Medicine 20 351-65.

Rauh, M. J., M. F. Hovell, C. R. Hofstetter, J. F. Sallis and A. Gleghorn (1992). "Reliability

and validity of self-reported physical activity in Latinos." International Journal of
Epidemiolo gY 21 966-1 l.

Rauramaa, R., G. Li and S. B. Vaisanen (2001). "Dose-response and coagulation and

hemostatic factors." Medicine & Science in Sports & Exercise 33 5516-20;

discussion S528-9.

Rennie, K. and Wareham NJ (1993). "The validation of physical activity instruments for

measuring energy expenditure: problems and pitfalls." Public Health Nutrition L

265-71.

Reserve Bank of New Zealand (2003). Exchange Rates. http.www.rbnz.govt.nz

Richardson, M., Ainsworth BE, Wu HC, J. Jacobs DR and lron AS (1995)' "Ability of the

Atherosclerosis Risk in Communities (ARIC) / Baeke Questionnaire to assess

leisure-time physical activity." International Journal of Epidemiology 24 685-93'

Richardson, M.,I-€on AS, J. Jacobs DR, Ainsworth BE and Serfass R (1994).

"Comprehensive evaluation of the Minnesota Leisure Time Physical Activity

Questionnaire.,, Journat of clinical Epictemiology 47 27L-8L

26r



Richardson, M. T., B. E. Ainsworth, D. R. Jacobs and A. S. I-eon (2001). "Validation of the
Stanford 7-day recall to assess habitual physical activity." Annals of Epidemiology Il
145-53.

Riddoch, C., A. Puig-Ribera and A. Cooper (1998). Effectiveness of physical activity
promotion schemes in primary care: a review. London, Health Education Authority:
t-79.

Ridker, P. M., N. Rifai, L. Rose, J. E. Buring and N. R. cook (2002). "comparison of C-
reactive protein and low-density lipoprotein cholesterol levels in the prediction of
first cardiovascular events.[comment]." New England Journal of Medicine. 347
1557-65.

Roberts, C. and D. J. Torgerson (1999). "Understanding controlled trials: baseline imbalance
in randomised controlled trials." BMJ 319 185.

Robertson, M. C., N. Devlin, M. M. Gardner and A. J. Campbell (2001). "Effectiveness and
economic evaluation of a nurse delivered home exercise programme to prevent falls.
1: Randomised conrrolled trial." BMJ 322697-701.

Robertson, M. C., M. M. Gardner, N. Devlin, R. McGee and A. J. Campbell (2001).
"Effectiveness and economic evaluation of a nurse delivered home exercise
programme to prevent falls. 2: Controlled trial in multiple centres." BMJ 3227014.

Roeykens, J., R. Rogers, R. Meeusen, L. Magnus, J. Borms and K. de Meirleir (1998).
"Validity and reliability in a Flemish population of the WHO-MOMCA Optional
Study of Physical Activity Questionnaire." Medicine & Science in Sports & Exercise.
30 1071-5.

Ropponen, A., E. levalahti, R. Simonen, T. Videman and M. C. Battie (2001).
"Repeatability of lifetime exercise reporting." Scandinavian Journal of Medicine &
Science in Sports l l 185-92.

Ross, R. and I. Janssen (2001). "Physical activity, total and regional obesity: dose-response
considerations." Medicine & Science in Sports & Exercise 33 S52l-7; discussion
s528-9.

Rothman, K. (1986). Modem Epidemiology. Boston, Litrle, Brown.

Russell, D., M. Berkeley, G. Fraser, N. Wilson and J. AIIen (1993). The Cost of Inactivity.
Dunedin, University of Otago.

Russell, D., F. Worsley and N. Wilson (1987). The Cost of Doing Nothing. Dunedin,
University of Otago.

salkeld, G., P. Phongsavan, B. oldenburg, M. Johannesson, P. Convery, P. Graham- Clarke,
S. Walker and J. Shaw (L997). "The cost-effectiveness of a cardiovascular risk
reduction program in general practice." Health Policy.41 105-1 19.

Sallis, J., Haskell WL, Wood PD, Fortmann SP, Rogers T, Blair SN and J. Paffenbarger RS
(1985). "Physical Activity Assessment Methodology in the Five-City Project."
Ameican Journal of Epidemiology 121 9l-106.

262



Sallis, J. F. and B. E. Saelens (2000). "Assessment of physical activity by self-report: status'

limitations, and future directions.lerratum appears in Res Q Exerc Sport 2000

Dec;71(4):4091." Research Quaner$for Exercise & sport.7l S1-14.

Sallis, J. F., P. K. Strikmiller, D. W. Harsha, H' A. Feldman, S. Ehlinger, E' J' Stone' J'

Williston and S. Woods (1996). "Validation of interviewer- and self-administered

physical activity checklists for fifth grade students." Medicine & Science in Sports &

Exercise.28 840-51.

Sarkin, J. A., S. S. Johnson, J. O. Prochaska and J. M. Prochaska (2001)' "Applying the

transtheoretical model to regular moderate exercise in an overweight population:

validation of a stages of chinge measure." Preventive Medicine.33 462-9.

Sashegyi, A. I., K. S. Brown and P. J. Fanell (2000). "Application of a generalized random

effects regression model for cluster-correlated longitudinal data to a school-based

smoking prevention trial." American Journal of Epidemiology L52 ll92-200'

Schuit, A., Schouten EG, Westererp KR and Saris WH (1997). "Validity of the Physical

Activity Scale for the Elderiy ("ASE) : according to energy expenditure assessed by

the doubly labeled water m"thod." Jountal of Ctinicat Epidemiology 50 541-6'

Schuler, P. 8., M. T. Richardson, P. Ochoa and M. Q. Wang (2001). "Accuracy and

repeatability of the Yale physical activity survey in assessing physical activity of

older adults." Perceptual & Motor Sti/ls 93 t63-77 '

Schultz, L.,I. Harper, C. Smith, A. Kriska and E. Racvussin (1994)' "Energy intake and

physical activity in Pima Indians: comparison with energy expenditure measured by

ioiUty-tuUelled water ." Obe sity Re search. 2 541 -548'

Schulz, K. F., I. Chalmers, R. J. Hayes and D. G. Altman (1995)' "Empirical evidence of

bias. Dimensions of methodological quality associated with estimates of treatment

effects in controlled trials." JAMA273 408-12.

Scott, K. M., M. L Tobias, D. Sarfati and S. J. Haslett (1999). "SF-36 health survey

reliability, validity and norms for New Zealand." Austalian & New Zealand Journal

of Public Health23 401-6.

Scragg, R. (1983). Diet, obesity, plasma lipids and insulin in gallstone disease'PhD thesis'

Australia, Flinders Uni versitY

Sevick, M. A., A. L. Dunn, M. S, Morrow, B. H. Marcus, G. J. Chen and S. N. Blair (2000)'

"Cost-effectiveness of lifestyle and structured exercise interventions in sedentary

adults: resulrs of project ACIIVE." Ameican Journal of Preventive Medicine. 19 l-
8.

Sfakianos, A. M. (1999). Validation of the Physical Activity Scale for the Elderly using the

Caltrac accelerometer.Thesis (M.A.), University of North Carolina at Chapel Hill

shapiro, S., E. Weinblatt and c. Frank (1965). "The H.I.P. study of the incidence of

myocardial infarction and angina." Journal of Chronic Diseases 18 527.

263



Shephard, R. J. (2001). "Absolute versus relative intensity of physical ac_ti11f i1 a dose-

response context." Medicine & Science in Sports & Exercise 33 5400-18; discussion

s419-20.

Silagy, C. and L. F. Stead (2003). "Physician advice for smoking cessation." Cochrane

Database of Systematic Reviews 2003;(1).

Simmons, D., T. Harry and B. Gatland (1999). "Prevalence of known diabetes in different

ethnic groups in inner urban South Auckland." New Zealand Medical Journal. lt2
316-9.

Simons-Morton, D. G., K. J. Calfas, B. Oldenburg and N. W' Burton (1998). "Effects of

interventions in health care settings on physical activity or cardiorespiratory fitness'"

Ameican Journal of Preventive Medicine 15 413-30'

Simons-Morton, D. G., P. Hogan, A. L. Dunn, L. Pruitt, A. C. King, B. D.I-evine and S' T'

Miller (2000). "CharaJteristics of inactive primary care patients: baseline data from

the activity counseling trial. For the Activity Counseling Trial Research Group."

Preventive Medicine 31 513-2I'

Simpson, J., N. Klar and A. Donner (1995). "Accounting for cluster randomization: a review

of primary intervention trials, 1990-1993." Ameican Journal of Public Health 85

1378-83.

Singh, P. N., G. E. Fraser, S. F. Knutsen, K. D. Lindsted and H. W. Bennett (2001)'

"Validity of a physical activity questionnaire among African-American Seventh-day

Adventists ." Medicine & Science in Sports & Exercise 33 468-75.

Singh, p. N., S. Tonstad, D. E. Abbey and G. E. Fraser (1996). "Validity of selected physical

activity questions in white Seventh-day Adventists and non-Adventists'" Medicine &

Science in Sports & Exercise 28 1026-37.

Slymen, D. J. and M. F. Hovell (1997). "Cluster versus individual randomization in

adolescent tobacco and alcohol studies: illustrations for design decisions."

International Journal of Epidemiology. 26 765-7l '

Sobngwi, E., J. C. Mbanya, N. C. Unwin, T. J. Aspray and K. G. Alberti (2001).

"Development and validation of a questionnaire for the assessment of physical

activity in epidemiological studies in Sub-Saharan Africa." Intenrational Journal of
EpidemiologY 30 I 361-8.

Spirduso, W. W. and D. L. Cronin (2001). "Exercise dose-response effects on quality of life

and independent living in older adults." Medicine & Science in Sports & Exercise 33

S598-608; discussion 5609-10.

Sport and Recreation New Znaland(2003). SPARC Facts: Results of the New Zealand Sport

and physical Activity Surveys (1997-2001), Sport and Recreation New Zealand.

Starling, R.D., D. E. Matthews, P. A. Ades and E. T. Poehlman (1999). "Assessment of
physical activity in older individuals: a doubly labeled water study." Journal of
applied phYsiologY 86 2090-2096.

264



Stata Corporation (1985-2001). Intercooled Stata 7.0. Texas, Stata Press.

Staten, L. K., D. L. Taren, W. H. Howell, M. Tobar, E. T. Poehlman, A. Hill, P. M. Reid and

C. Ritenbaugh (2001). "Validation of the Arizona Activity Frequency Questionnaire
using doubly labeled water." Medicine & Science in Spons & Exercise 33 1959-67.

Statistics New Zealand (2003). Incomes and Prices. http.www.rbnz.govt.nz

Statistics New Zealand (2003). New Zealand Income Survey. http:www.stats.govt.nz

Stephens, T. and C. J. Caspersen (1994). The Demography of Physical Activity: Internatinal

Proceedings and Consensus Statement. Physical Activity, Fitness, and Health. C.

Bouchard, R. Shephard and T. Stephens. Champaign, Human Kinetics Publishers

Inc:2O4-213.

Stephenson, J., A. Bauman, T. Armstrong, B. Smith and Bellow (1999). The costs of illness

attributable to physical activity in Australian adult population: a preliminary study,

The Ausrraliansports Commission & the Commonwealth Department of Health and

Aged Care.

Steptoe, A., S. Kerry, E. Rink and S. Hilton (2001). "The impact of behavioral counseling on

srage of change in fat intake, physical activity, and cigarette smoking in aduls at

increased risk of coronary heart disease." American Journal of Public Health91 265-

9.

Sreptoe, A., E. Rink and S. Kerry (2000). "Psychosocial predictors of changes in physical

activity in overweight sedentary adults following counseling in primary care."

Preventive Medicine 3l 183-94.

Stevens, W., M. Hillsdon, M. Thorogood and D. McArdle (1998). "Cost-effectiveness of a

primary care based physical activity intervention in 45-74 year old men and women:

a randomised controlled trial." British Journal of Sports Medicine 32 23641'.

Stewart, A. L., K. M. Mills, A. C. King, W. L. Haskell, D' Gillis and P. L. Ritter (2001)'

"CHAMPS physical activiry questionnaire for older adults: outcomes for
interventions." Medicine & Science in Sports & Exercise 33 IL264l.

Stewart, R. (2002). Physical Activity and Cardiovascular Disease. Auckland, The National

Heart Foundation.

Suleiman, S. and M. Nelson (1997). "Validation in London of a physical activity
questionnaire for use in a study of postmenopausal osteopaenia." Journal of
Epidemiology & Community Health 51365-72.

Suzuki,I., N. Kawakami and H. Shimizu (1998). "Reliability and validity of a questionnaire

for assessment of energy expenditure and physical activity in epidemiological

studies." Journal of Epid.emiology 8 152-9.

Swinburn, B., L. Walter, B. Arroll and D. Russell (1998). "The Green Prescription Study: A

Randomized Controlled Trial of Written Exercise Advice Provided by General

Practitioners." American Journal of Public Health 88 288-291.

265



Swinburn, B., L. Walter, B. Arroll, M. Tilyard and D. Russell (1997). "Green prescriptions:
attitudes and perceptions of general practitioners towards prescribing exercise."
British Journal of General Practice 47 567-569.

Tager, I. 8., M. Hollenberg and W. A. Satariano (1998). "Association between self-reported
leisure{ime physical activity and measures of cardiorespiratory fitness in an elderly
population." American Journal of Epidemiology. 147 g2I-31.

Tai, S. S., M. Gould and S. Iliffe (1997). "Promoting healthy exercise among older people in
general practice: issues in designing and evaluating therapeutic
interventions. [comment)." B ritish Journal of Gene ral P ractice. 47 l 19 -22.

Tai, S. S., M. Gould, P. Smith and S. Iliffe (1999). "Promoting physical activity in general
practice: Should prescribed exercise be free?" Joumal of the Roya| Society of
Medicine 92 65-67.

Tai, S. S. and S. Iliffe (2000). "Considerations for the design and analysis of experimental
studies in physical activity and exercise promotion: advantages of the randomised
controlled trial." British Journal of Sports Medicine.34 220-4.

The Writing Group for the Activity Counseling Trial Research Group (2001). "Effects of
Physical Activity Counseling in Primary Care." JAMA286 677-87.

Thompson, P. D., S. F. crouse, B. Goodpaster, D. Kelley, N. Moyna and L. pescatello
(2001). "The acute versus the chronic response to exercise." Medicine & Science in
Spons & Exercise 33 5438-45; discussion 5452-3.

Thompson, R. s., T. A. McAfee, M. E. stuart, A. E. smith, J. wilson and M. R. Handley
(1995). "A review ofclinical prevention services at group health cooperative of
Puget Sound." American Journal of Preventive Medicine ll 4O9-16.

Torgen, M., L. Alfredsson, M. Koster, c. wiktorin, K. F. smith and A. Kilbom (lgg1-).
"Reproducibility of a questionnaire for assessment of present and past physical
activities." International Archives of Occupational & Environmental HealthTo L07-
18.

Torgerson, D. J. (2001). "Contamination in trials: is cluster randomisation the answer?" BMJ
322 355-7.

Trye, P., R. Jackson, A. Stewart, R. L. Yee and R. Beaglehole (1996). "Trends and
determinants of blood pressure in Auckland, New T,r;aland 1982-94." New Ttaland
Medical Journal 109 179-8 1.

Tuero, C., J. A. De Paz and S. Marquez (2001). "Relationship of measures of leisure time
physical activity to physical fitness indicators in Spanish adults." Joumal of spons
medicine and physical fitness 41 62-67 .

U. S. Preventive Services Task Force (2002). "Behavioral counseling in primary care to
promote physical activity: recommendation and rationale." Annals of Intental
Medicine. 137 205-7.

266



Voorrips, L. E., A. C. Ravelli, P. C. Dongelmans, P' Deurenberg and W. A' Van Staveren

(1991). "A physical activity questionnaire for the elderly." Medicine & Science in

Sports & Exercise 23 974-9.

Vuillemin, A., F. Guillemin, G. Denis, J. Huot and C. Jeandel (2000). "A computer-assisted

assessment of lifetime physical activity: reliability and validity of the QUANTAP
software." Revue d Epidemiologie et de Sante Publique 48 157-67.

Vuillemin, A., J. M. Oppert, F. Guillemin, L. Essermeant, A. M. Fontvieille, P' Galan' A' M'

Kriska and S. tiercUerg (2000). "Self-administered questionnaire compared with

interview to assess purt-y"* physical activity." Medicine & science in spons &

Exercise 32 lll9-24.

Wareham, N. and Rennie KL (1998). "The assessment of physical activity in individuals and

populations: Why try to be more precise about how physical activity is assessed?"

Intemational Journal of Obesiry 22 S30-S38'

Wareham, N. J., R. W. Jakes, K. L. Rennie, J. Mitchell, S. Hennings and N. E. Day (2002).

"Validity and repeatability of the EPIC-Norfolk physical activity questionnaire."

International Journal of Epidemiology 3l 168-174'

Washburn, R. A. (2000). "Assessment of physical activity in older adults." Research

Quanerlyfor Exercise & Sport 71 579-88.

Washburn, R. A. and J. L. Ficker (1999). "Physical Activity Scale for the Elderly (PASE):

the relationship with activity measured by a portable accelerometer." Journal of
Sports Medicine & Physical Fitness 39 336-40'

Washburn, R. A., K. W. Smith, S. R. Goldfield and J. B. McKinlay (1991). "Reliability and

physiologic correlates of the Harvard Alumni Activity Survey in a general

population |' Journal of Clinical Epidemiology 44 1319-26'

Washburn, R. A., K. W. Smith, A. M. Jette and C. A. Janney (1993). "The Physical Activity

Scale for the Elderly (PASE): development and evaluation." Journal of Clinical

Epidemiolo 8Y 46 153-62.

Weller, I. M. and p. N. Corey (1998). "A study of the reliability of the Canada Fitness

Survey questionnai reJ Medicine & Science in Sports & Exercise 30 1530-6.

Wheadon, M., J. Kokaua and J. Sceats (1994). Validation of the SF-36 Health Survey on a

New Zealand Population. Hamilton, Midland Regional Health Authority.

Whelron, S. p., A. Chin, X. Xin and J. He (2002). "Effect of aerobic exercise on blood

pressure: a meta-analysis of randomized, controlled trials." Annals of Internal

Medicine. 136 493-503.

Wilbur, J., K. Holm and A. Dan (1993). "A quantitative survey to measure energy

expenditure in midlife women." Journal of Narsing Measurement | 2940.

Williams, p. T. (2001). "Health effects resulting from exercise versus those from body fat

loss." Medicine & Science in Sports & Exercise 33 561l-21; discussion 5640-1.

267



Wilmore, J. H. (2001). "Dose-responsel variation with age' sex, and health status'" Medicine

& Science in Spons & Exircise 33 5622-34; discussion 5640-l'

Wilson, P., J. Paffenbarger RS, Morris JN et al (1986)' "Assessment methods for physical

activiry anO pnyJical fitness in population stuilies: Report of a NHLBI workshop'"

American Heart Journal 1 I I 177-1 191'

wolf, A. M., D. J. Hunter, G. A. Colditz, J. E. Manson, M. J. Stampfer, K {: corsano' B'

Rosner, A. Kriska and W. C. Wiliett (1994). "Reproducibility and vali$ity of a self-

administered physical activity questionnai reJ lntentational Journal of Epidemiology

23 99r-9.

Wonderling, D., S. Langham, M. Buxton, C' Normand and C' McDermott (1996)' "What

can be concludel from the Oxcheck and British family heart studies: commentary on

cost effectiveness analyses'" BMJ 3121274-8'

wonderling, D., C. McDermott, M. Buxton, A. L. Kinmonth, S. Pyke, s' Thompson and D'

wood (1996). "Costs and cost effectiveness of cardiovascular screening and

inrerventionittt. British family heart study." BMJ 3121269-13'

Wood, J. and N. Freemantle (1999). "Choosing an appropriate unit of analysis in trials of

interventions that attempt to influence lractiii'" iournal of Health Serttices &

Research PoIicY. 4 44-8'

woods, c., N. Mutrie and M. Scott (2002). "Physical activity intervention: a transtheoretical

model-based intervention designei to ttetp sedentary young adults become active'"

Health Education Research' 17 45 t-60'

Work and lncome New Zealand(2002)'Community Card Holders by Post Code and

Ethnicity, Personal Communication'

Yeung, R. R. (1996). "The acute effects of exercise on mood state'" Journal of

P sycho somatic Res earch 40 12341'

Young, D. R.' S. H. Jee and L. J. Appel (2001). ''A comparison of the Yale Physical Activity

survey with other physical activiiy measures." luledicine & science in sports &

Exercise 33 955-61.

Yu, S., J. W. Yarnell, P. M. Sweetnam, L. Murray and S. caerphilly (zP2: "what level of

physical activity protects uguintt premature cardiovascular death? The caerphilly

,tudy." Hean @ritfsn Cardiac Sociery)' 89 502-6'

Yudkin, P. L. and M. Moher (2001). "Putting theory into practice-' 19fu1ter 
randomized trial

with a small number of clusters." statisti cs in Medicine 20 341-9'

Ziebland, S., M. Thorogood, P. Yudkin, L. Jones and A' Coulter (1993)' "Lack of willpower

or lack of wherewithal? "Internal" and "external" barriers to changing diet and

exercise in a three year follow-up of participants in a health check." Social Science &

Medicine.46 461-5.

268



Appendices

269


	10001.pdf
	10002.pdf
	10003.pdf
	10004.pdf
	10005.pdf
	10006.pdf
	10007.pdf
	10008.pdf
	10009.pdf
	10010.pdf
	10011.pdf
	10012.pdf
	10013.pdf
	10014.pdf
	10015.pdf
	10016.pdf
	10017.pdf
	10018.pdf
	10019.pdf
	10020.pdf
	10021.pdf
	10022.pdf
	10023.pdf
	10024.pdf
	10025.pdf
	10026.pdf
	10027.pdf
	10028.pdf
	10029.pdf
	10030.pdf
	10031.pdf
	10032.pdf
	10033.pdf
	10034.pdf
	10035.pdf
	10036.pdf
	10037.pdf
	10038.pdf
	10039.pdf
	10040.pdf
	10041.pdf
	10042.pdf
	10043.pdf
	10044.pdf
	10045.pdf
	10046.pdf
	10047.pdf
	10048.pdf
	10049.pdf
	10050.pdf
	10051.pdf
	10052.pdf
	10053.pdf
	10054.pdf
	10055.pdf
	10056.pdf
	10057.pdf
	10058.pdf
	10059.pdf
	10060.pdf
	10061.pdf
	10062.pdf
	10063.pdf
	10064.pdf
	10065.pdf
	10066.pdf
	10067.pdf
	10068.pdf
	10069.pdf
	10070.pdf
	10071.pdf
	10072.pdf
	10073.pdf
	10074.pdf
	10075.pdf
	10076.pdf
	10077.pdf
	10078.pdf
	10079.pdf
	10080.pdf
	10081.pdf
	10082.pdf
	10083.pdf
	10084.pdf
	10085.pdf
	10086.pdf
	10087.pdf
	10088.pdf
	10089.pdf
	10090.pdf
	10091.pdf
	10092.pdf
	10093.pdf
	10094.pdf
	10095.pdf
	10096.pdf
	10097.pdf
	10098.pdf
	10099.pdf
	10100.pdf
	10101.pdf
	10102.pdf
	10103.pdf
	10104.pdf
	10105.pdf
	10106.pdf
	10107.pdf
	10108.pdf
	10109.pdf
	10110.pdf
	10111.pdf
	10112.pdf
	10113.pdf
	10114.pdf
	10115.pdf
	10116.pdf
	10117.pdf
	10118.pdf
	10119.pdf
	10120.pdf
	10121.pdf
	10122.pdf
	10123.pdf
	10124.pdf
	10127.pdf
	10128.pdf
	10129.pdf
	10130.pdf
	10131.pdf
	10132.pdf
	10133.pdf
	10134.pdf
	10135.pdf
	10136.pdf
	10137.pdf
	10138.pdf
	10139.pdf
	10140.pdf
	10141.pdf
	10142.pdf
	10143.pdf
	10144.pdf
	10145.pdf
	10146.pdf
	10147.pdf
	10148.pdf
	10149.pdf
	10150.pdf
	10151.pdf
	10152.pdf
	10153.pdf
	10154.pdf
	10155.pdf
	10156.pdf
	10157.pdf
	10158.pdf
	10159.pdf
	10160.pdf
	10161.pdf
	10162.pdf
	10163.pdf
	10164.pdf
	10165.pdf
	10166.pdf
	10167.pdf
	10168.pdf
	10169.pdf
	10170.pdf
	10171.pdf
	10172.pdf
	10173.pdf
	10174.pdf
	10175.pdf
	10176.pdf
	10177.pdf
	10178.pdf
	10179.pdf
	10180.pdf
	10181.pdf
	10182.pdf
	10183.pdf
	10184.pdf
	10185.pdf
	10186.pdf
	10187.pdf
	10188.pdf
	10189.pdf
	10190.pdf
	10191.pdf
	10192.pdf
	10193.pdf
	10194.pdf
	10195.pdf
	10196.pdf
	10197.pdf
	10198.pdf
	10199.pdf
	10200.pdf
	10201.pdf
	10202.pdf
	10203.pdf
	10204.pdf
	10205.pdf
	10206.pdf
	10207.pdf
	10208.pdf
	10209.pdf
	10210.pdf
	10211.pdf
	10212.pdf
	10213.pdf
	10214.pdf
	10215.pdf
	10216.pdf
	10217.pdf
	10218.pdf
	10219.pdf
	10220.pdf
	10221.pdf
	10222.pdf
	10223.pdf
	10224.pdf
	10225.pdf
	10226.pdf
	10227.pdf
	10228.pdf
	10229.pdf
	10230.pdf
	10231.pdf
	10232.pdf
	10233.pdf
	10234.pdf
	10235.pdf
	10236.pdf
	10237.pdf
	10238.pdf
	10239.pdf
	10240.pdf
	10241.pdf
	10242.pdf
	10243.pdf
	10244.pdf
	10245.pdf
	10246.pdf
	10247.pdf
	10248.pdf
	10249.pdf
	10250.pdf
	10251.pdf
	10252.pdf
	10253.pdf
	10254.pdf
	10255.pdf
	10256.pdf
	10257.pdf
	10258.pdf
	10259.pdf
	10260.pdf
	10261.pdf
	10262.pdf
	10263.pdf
	10264.pdf
	10265.pdf
	10266.pdf
	10267.pdf
	10268.pdf
	10269.pdf
	10270.pdf
	10271.pdf
	10272.pdf
	10273.pdf
	10274.pdf
	10275.pdf
	10276.pdf
	10277.pdf
	10278.pdf
	10279.pdf
	10280.pdf
	10281.pdf
	10282.pdf
	10283.pdf
	10284.pdf
	10285.pdf
	10286.pdf
	10287.pdf
	10288.pdf
	10289.pdf
	10290.pdf
	10291.pdf
	10292.pdf
	10293.pdf
	10294.pdf
	10295.pdf
	10296.pdf
	10297.pdf
	10298.pdf
	10299.pdf
	10300.pdf
	10301.pdf
	10302.pdf
	10303.pdf
	10304.pdf
	10305.pdf
	10306.pdf
	10307.pdf
	10308.pdf
	10309.pdf
	10310.pdf
	10311.pdf
	10312.pdf
	10313.pdf
	10314.pdf
	10315.pdf
	10316.pdf
	10317.pdf
	10318.pdf
	10319.pdf
	10320.pdf
	10321.pdf
	10322.pdf
	10323.pdf
	10324.pdf
	10325.pdf
	10326.pdf
	10327.pdf
	10328.pdf
	10329.pdf
	10330.pdf
	10331.pdf
	10332.pdf
	10333.pdf
	10334.pdf
	10335.pdf
	10336.pdf
	10337.pdf
	10338.pdf
	10339.pdf
	10340.pdf
	10341.pdf
	10342.pdf
	10343.pdf
	10344.pdf
	10345.pdf
	10346.pdf
	10347.pdf
	10348.pdf
	10349.pdf
	10350.pdf
	10351.pdf
	10352.pdf
	10353.pdf
	10354.pdf
	10355.pdf
	10356.pdf
	10357.pdf
	10358.pdf
	10359.pdf
	10360.pdf
	10361.pdf
	10362.pdf
	10363.pdf
	10364.pdf
	10365.pdf
	10366.pdf
	10367.pdf
	10368.pdf
	10369.pdf
	10370.pdf
	10371.pdf
	10372.pdf
	10373.pdf
	10374.pdf
	10375.pdf
	10376.pdf
	10377.pdf
	10378.pdf
	10379.pdf
	NEW-coversheet.pdf
	 
	http://researchspace.auckland.ac.nz
	ResearchSpace@Auckland
	Copyright Statement
	General copyright and disclaimer






